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BRAND OF PHENYLEPHRINE HYDROCHLORIDE a 


| and thay Fever 


Neo-Synephrine acts quickly to relieve the distress of hay fever, 
‘shrinks the engorged mucous membranes, checks hypersecretion, 
permits free breathing and promotes comfort. 


It is notable for its . 
e excellent tolerance 
e relative freedom from compensatory congestion 
e lack of appreciable interference with ciliary action 


Its effectiveness is undiminished by repeated use — insuring 
topical relief throughout the hay fever season. 


Nasal Use: solution (plain and 1 oz. bot- 
; 1% solution, 1 oz. bottles; 44% water 
soluble jelly, % oz. tubes. : 
Ophthalmic Use: %% low surface tension, operate solution, 
isotonic with tears, % oz. bottles. 


New Yor 13, N. Y. 
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Help put your safety program across by 
knowing the hazards in the air your workers 
breathe. Willson air sampling equipment is 
highly effective in detecting the amount of 
dusts or chlorinated hydrocarbon vapers in 
the air. This apparatus serves as a guide to 
the degree of hazard surrounding a particular 
job and indicates the extent of respiratory 


For use by chemists or engineers in Depart- 
ments of Health, Industrial Hygiene, Insurance 
Companies, Chemical Industries, Degreasing 


Plants, etc., for the determination of the con- 
centration of chlorinated hydrocarbon vapors, 


protection necessary to maintain better health 


such as trichloroethylene, chlorinated naph- 
and to reduce absenteeism. 


thalenes, and chlorinated diphenyl in the air. 


\. Impinger No33le 


Sampling Flask 


Flask Stopper-Large 


IMPINGER DUST SAMPLING APPARATUS 


Used by the U. S. Public Health Service, State 
and City Health Depts., Insurance Companies, 
Mines, Smelters and Manufacturing Plants for 
determining the quantity of dusts which may 
cause pulmonary fibrosis. Available with either 
electric or compressed air suction apparatus 
as illustrated. 


PRODUCTS INCORPORATED 
READING, PA., U.S.A. Established 1870 


211 WASHINGTON STREET, READING, PA., U. S. A. 


SEND FOR BULLETIN WITH COMPLETE INFORMATION 
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A pad of Gelfoam, cut to size and shape and left 
in situ, will act as a “hemostatic sentinel” to stem 
capillary bleeding. It will absorb 45, times its own 
weight of blood and be absorbed with virtually 
no cellular reaction. 


Gelfoam was made possible by Upjohn research- 
ers working in collaboration with clinical investi- 
gators to meet the practical needs of surgery. 


éGelfoam* 


is supplied as a sterile surgical sponge, dental pack, 
prostatectomy cone and biopsy sponge. 


*Trademark, Reg. U.S. Pat. Off. 


for Medicine... Produced with care...Designed for health 


THE UPJOHN COMPANY. KALAMAZOO, MICHIGAN 
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mild, sedajion 


TRY THIS NEW VEHICLE 


Ee the improved, better-tasting NEMBUTAL Elixir—a pleasant change of 
sedative for patients who periodically require sedation and for whom phenobarbital 
or bromides have been previously prescribed. 
Consider these advantages: attractive orange color, pleasant odor 
and much better taste than the old Elixir. Onset of action is prompt and duration 
may be short or prolonged, depending on the dosage. As short-acting 
NEMBUTAL is quickly and completely destroyed in the body, there is usually no 
“hangover” and little tendency toward cumulative effect. 
One teaspoonful (1 fl.dr.) of the Elixir represents 15 mg. (“4 gr.) of 
NEMBUTAL Sodium, making it easy to administer small doses for mild effect. 
Miscibility of the new Elixir is greater than that of the old, and compati- 
bility is much wider. Taste and miscibility were improved by the substitution of 
SucaryL® (Cyclamate, Abbott), a heat-stable, non-caloric sweetener, 
for much of the sugar. 
Short-acting NEMBUTAL affords any desired degree of cerebral depression— 
from mild sedation to deep hypnosis. In the complete NEMBUTAL line are capsules, 
tablets, suppositories, elixirs, solutions and sterile powder for solutions. Abbott 


Small-dosage sizes simplify oral, rectal or intravenous administration. 


TRY THE IMPROVED, 
BETTER-TASTING Nembutal Elixir | 


(PENTOBARBITAL, ABBOTT) 
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World-wide USE 
World-wide ACCLAIM 


CHLOROMYCETIN’s world-wide reputation stems from its abil- 
ity to produce rapid, clinical response in a wide variety of infec- 
tious diseases — bacterial, viral and rickettsial. Numerous reports 
and the experience of daily practice confirm its 


clinical efficacy + high tolerance 
wide spectrum « high blood levels 


CHLOROMYCETIN, a pure crystalline compound of definite 
molecular structure, is the only antibiotic produced on a practical 
scale by chemical synthesis. This unique feature means unvarying 
composition for dependable therapeutic results, freedom from 
extraneous material, and infrequent side effects. 


CHLOROMYCETIN (Chloramphenicol, Parke-Davis) is supplied in a num- 
ber of forms, including Kapseals® of 250 mg., and capsules of 50 mg. 


PARKE, DAVIS & COMPANY | fi’): 
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A METHOD OF OBTAINING REPRODUCIBLE BREATH 
RADON SAMPLES 


JOHN H. HARLEY, M.S. 
EVELYN JETTER 
AND 
MERRIL EISENBUD 
NEW YORK 


[’ IS WIDELY accepted that for the purpose of preventing radiation injury to 
individuals who may inhale or ingest radium, the quantity of this substance that 
accumulates in the body should not be permitted to exceed 0.1 y.' This criterion is 
based on data reported by Evans * and others * in connection with the skeletal injury 
occurring among radium dial painters, and refers to radium which is deposited in the 
bone as distinct from recently absorbed radium which is located in other tissues, and 
most of which is quickly excreted. 

The radioactive properties of radium and its daughters make it possible to esti- 
mate the radium burden of an individual by various methods. 

A direct determination of body radium content is made possible by measurement 
of gamma radiation from the radium daughter products Pb*"* and Bi*™* (RaB and 
RaC). The lower limit of detection reported in the literature * is about one-half 
of tolerance even with extreme precautions. Such a method is not adequate for 
following the gradual build-up of body radium. 

Radium can be determined in urine or feces at low levels. However, it is difficult 
to interpret the results in terms of body radium because the elimination rate varies : 
with conditions of exposure and individual physiological factors. 

The common method of estimating body radium is that of measuring radon in 
exhaled breath. Evans? has calculated the equivalence of breath radon and body 
radium content. A concentration of 10-'* curie of radon per liter of breath is taken 
to indicate the presence of 0.1 y. of radium in the body. 


From the Health and Safety Division, United States Atomic Energy Commission, New 
York Operations Office. 

Presented at Twelfth Annual Meeting of the American Industrial Hygiene Association, 
Atlantic City, N. J., April 26, 1951. 

1. Handbook H 27, United States Department of Commerce, National Bureau of Standards, 
1941. 

2. Evans, R. D.: Protection of Radium Dial Workers and Radiologists from Injury by 
Radium, J. Indust. Hyg. & Toxicol. 25:253-269, 1943. 

3. Martland, H. S.; Conlon, P., and Knef, J. P.: Some Unrecognized Dangers in the Use 
and Handling of Radioactive Substances, J. A. M. A. 85:1769-1776 (Dec. 5) 1925. 

4. Hess, V. F., and McNiff, W. T.: Quantitative Determination of the Radium Content of 
the Human Body and of the Radon Content of Breath Samples for the Prevention and Control 
of Radium Poisoning in Persons Employed in the Radium Industry, Am. J. Roentgenol. 57:91- 
102, 1947. 
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Breath radon sampling has been characterized by extreme variability of results, 

and it has been our experience that reasonable agreement could not be expected 

¢ even for replicate samples. We have experimentally investigated the origin of this 

variability and in so doing have developed a method of breath sampling which yields 

data that are considerably more reproducible and meaningful than samples collected 
by the various methods which have previously been described in the literature. 


EXPERIMENTAL STUDIES 


Instrumentation —In our investigations, radon determinations were made by 
utilizing ionization chambers and a pulse-counting technique. With this apparatus, 
: 10° curie of radon in equilibrium with its daughter products gives approximately 
200 alpha counts per hour. The chambers used in the first three of the following 

experiments had backgrounds of 30 to 70 counts per hour. The chambers used in 
subsequent tests maintained a level of 10 to 30 counts per hour. 

Our investigation was based on the assumption that the lack of reproducibility 

of breath radon analysis could originate with one or more of several factors: (1) 
radium burden of the subject ; (2) instrumentation ; (3) method of breath sampling ; 
(4) “background” radon concentration of normal air. In our initial experiment we 
studied 2, 3, and 4, eliminating variable 1 by the device of selecting a subject whose 
most recent radium exposure was 25 yr. ago and whose day-to-day radium burden 
would therefore be essentially constant. 

The subject was sampled daily by four methods according to an arrangement 
based on a Latin square. Four instruments were used for the radon measurements, 
and the sampling was carried out for eight days, giving two complete squares. The 
second square was not considered as replication for error measurement, as there was 
a possibility of variation in the background radon content of the room air from 
: day to day. 

The sampling methods were as follows. In all cases, the subject was seated, 
and samples were collected after 15 min. of relaxation. 


A. The method recommended by Evans? in which the subject for a period of 10 min. 
exhales one normal breath in every four through a 1-1. flask fitted with entrance and exit 
stopcocks. The spacing of breaths is intended to increase the tendency toward normal breathing. 

B. The subject exhales 10 normal breaths through a similar flask. This is a variation which 
is extremely likely in practice, as a deviation from Evans’ method. 

C. The method recommended by Hoecker > in which a deflated meteorological balloon is 
substituted for the flask in A. This method is intended to reduce the back pressure and aid in 
: obtaining a normal breath sample. The balloon is immediately attached to a flask and deflated 
§ to obtain the 1-1. sample. The transfer is necessary to avoid the rubber’s adsorption of radon. 

: D. A method involving rebreathing, first described by Hoecker® for the use of Rn/CO: 
ratio as an index to radium content. A meteorological balloon is inflated with compressed air 
to a volume of about 6 1. The subject rebreathes the air in the balloon for 20 breaths, after 
which the sample is immediately transferred to a flask. The results by this method should not 


: necessarily correspond to those of the first three methods, as the sample is definitely not a 
“normal breathing” sample. 


The results are shown in Tables 1 and 2, the radon values being expressed as 


micromicrocuries (pyc) per liter, the subscript letters indicating the particular 
instrument used. 


5. Hoecker, F. E.: The Radon/Carbon Dioxide Ratio as an Index to Excessive Radium 
Absorption, J. Indust. Hyg. & Toxicol. 26:281-288, 1944. 
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The over-all difference between methods is not significant, although analysis of 
the individual differences indicates that the fourth method gives significantly higher 
results than the other three. Method D does not give a “normal breathing” sample 
and should not be considered for routine sampling, although it may be valuable in 
experimental studies.® 

The difference between instruments was statistically significant. Improvement 
in instrumentation reduced this effect in later work. The difference between rooms 
is the most significant variable in this initial experiment, and is explained by vari- 
ation in the background radon content of the room air. The standard deviation 
of 0.15 ype caused by the background radon variations in this laboratory is much 
less than would be found under many conditions. 


TABLE 1—E-xperiment for Separating Variation Due to Instrumentation, Sampling 
Method, and Background Radon 


Concentration* Obtained with Methods Coneentration* Obtained with Methods 


Room’ A B © D Room’ A B © : Wa 
Square I Square II 
0.291 0.28 04% 0.4% 
0.26. 0.22% 0.2% 0.26. 0.0 
0.34 0.884 «= 0.224 0.24a 


* Concentrations are expressed as micromicrocuries per liter. Subseript letters refer to the ‘instrument used. 


Taste 2.—Summary of a Statistical Analysis of the Data in Table 1 


Sum of Mean Standard 
Squares Square Deviation, 
Source of Variation (X 104) Muc 
Instrument 516 172 0.13 
I X square 67 22 Peers 
264 88 0.09 
76 25 eee 
1,340 223 0.15 
63 63 
36 


428 0.06 


* The value is significant at the 5% confidence level. 
+t The value is significant at the 1% confidence level. 


The observation that the normal radon content of air is the most significant of 
the sources of variability selected for study is consistent with our experience that 
occasional breath samples yield lower radon assays than samples of the ambient 
atmosphere collected for “control” purposes. The normal radon content of the 
atmosphere is sometimes as high as 5 X 10°* curie per liter, more than enough to 
mask the breath radon component from subtolerance amounts of internally deposited 
radium. 

It occurred to us that if radon-free air was breathed by an individual, the body 
would deplete itself of radon absorbed from the atmosphere, and that after a suitable 
flushing period the breath sample would contain only radon derived from radium 
within the body. A radon-free air supply could be conveniently obtained from a 
cylinder of water-pumped compressed air that had been aged for a few weeks. We 


6. Carbon dioxide determinations were made on a number of the samples, but no conclusions 
as to the significance of the Rn/CO: ratio could be drawn. 
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accordingly conducted a series of experiments to determine how long a period of 
breathing radon-free air would be required in order to establish the proper con- 
ditions for breath sampling. 


CLEARANCE OF THE LUNGS OF RADON ABSORBED FROM ENVIRONMENTAL AIR 


: In the first test a radon concentration of 2 x 10° curie per liter was estab- 
3 lished in a closed room. Two subjects without industrial radium exposure were 
exposed for periods of 30 and 90 min. Samples were then taken at the end of that 


gig 


Apparatus for taking breath radon samples. 


time and after one and five minutes of breathing radon-free air. A respirator face- 
piece was utilized as shown in the figure. To reduce the discomfort of back pressure 
during exhalation, the sampling flask stopcock bore was increased to 7 mm. 
After five minutes of breathing radon-free air the radon concentration of the 
expired air was reduced to less than 0.1 & 10°? curie per liter above the indepen- 


dently determined true level for these subjects. The data for this experiment are 
given in Table 3. 
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REPRODUCIBILITY OF CONSECUTIVE SAMPLES AFTER FIVE MINUTES OF CLEARANCE 


An experiment was then conducted in which we again used the subject whose 
last exposure to radium was 25 years ago. Three successive respirator samples of 
1 1. each were obtained by exhaling through 1-l. sample flasks for one-minute 
periods after five-minute clearance of background air. This was repeated on suc- 
cessive days to give a Latin square arrangement. The results are shown in Table 
4, expressed in micromicrocuries per liter. 


TaBLe 3.—Determination of Lung Clearance Time 


Radon in Expired Air* at Given 
Time After Period of Exposure 
at 2x 10-'* Curie per Liter 

‘ Respirator, 30 Min. 90 Min. 
Subject Min. A 
0 141 1.05 
0.33 0.19 


0.11 0.0 0.08 
1.11 0.86 1.48 

0.35 0.34 0.20 0.34 
0.08 6.13 


1.54 
6.16 


* Results are expressed in micromicrocuries per liter. 


TABLE 4.—Experiment for Studying Variability of Replicate Samples 
Taken on Consecutive Days 


Order of Sample* 
1 2 3 

0.04 
0.04 
0.05 


Re 


* Values expressed in micromicrocuries per liter. 


Taste 5.—Reproducibility of Breath Radon Samples Collected from Unexposed Individuals 


Coneentration* Concentration* 


9 


Person 2 
0.02 
0.04 
0.04 
12 0.10 


* Values are expressed in micromicrocuries per liter. 


Analysis of these results showed no significant differences due to day, order, 
or instrument. The average value of 0.05 wuc per liter compares with 0.26 pyc in 
the previous experiment. The random error of the respirator samples, 0.01 ppc 
compares with 0.06 pyc. The apparent difference between the two mean values is 
explained by the difference in background air radon, which is of the order of 
0.1-0.3 pe in our laboratory. The compressed air shows no detectable radon. 
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The markedly improved reproducibility at low levels was further tested using 
a group of our laboratory personnel. The results of two successive samples (after 
a five-minute flushing period) are given in Table 5. The units are micromicrocuries 
per liter. 

The standard deviation of these duplicates is 0.03 pyc, which may be compared 
with 0.07 yuc shown by the eight low-level (88 hr. after exposure) values given in 
Table 7. The latter samples were taken without the respirator. These results show 
conclusively that consistent results may be obtained on replicate samples at low 
levels. The absolute values will be lower than those which include environmental 
radon. 

In the case of high-level subjects, the air background is negligible. However, 
replicate samples taken on one such individual, using the Evans technique in air, 
showed high variability, which may have been due to the subject’s remarkably 
shallow and irregular breathing pattern. Tests were also made using the respirator 
system. The results of six successive samples taken by each method on.the same 
day are given in Table 6 in micromicrocuries per liter. 

The respirator samples show greater consistency and were much higher than 
those taken by the conventional method. The reproducibility is also indicative of a 
more representative sample, as an abnormal output could not be maintained for such 


TABLE 6.—Comparison of Two Sampling Methods 


Radon in Expired Air* Radon in Expired Air* 
Standard Respirator Standard Respirator 
Sample Procedure Method Sample Procedure Method 
13.5 90.0 74 85.0 
9.8 95.5 18.2 94.0 


* Values expressed in micromicrocuries per liter. 


a period. The higher level is more representative of the true radon output in this 
specific instance. With the respirator, all of the exhaled radon must enter the flask, 
while with the standard technique, some nasal loss may occur. 

The use of the respirator induces a more regular breathing pattern. This is 
especially apparent for individuals who have irregular and shallow breathing 
tendencies. 

The method evolved in this work has been shown to eliminate environmental 
radon and to reduce notably the influence of breathing pattern as variables in 


sampling. The procedure described in the appendix is recommended for taking 
routine breath radon samples. 


VARIATION 


IN 


RADIUM CONTENT 


The problem of securing consistent spot samples for breath radon appears to be 
resolved by the use of the respirator with radon-free air. Obtaining a sample repre- 
senting the radium actually fixed in the body, which is the basis of the present 
tolerance level, is a separate problem. 

The total body radium content may increase markedly during the exposure of 
the work week and drop rapidly during the week-end period. After an extended 
period away from exposure, the body radium will consist almost entirely of a 
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skeletal deposit, for which the elimination rate is very low. This is the radium 
content which is the basis for the present tolerance value and that which the breath- 
radon procedure is intended to evaluate. A practical limit on the time for allowing 
elimination of any “transient” radium is the usual week-end period away from 
exposure. 

In order to demonstrate in a preliminary way the degree to which breath radon 
is diminished over an 88-hr. week end free of exposure, we have collected serial 
samples from a group of four workers. The data are given in Table 7. These 
samples were collected by the Evans technique, prior to development of our respira- 
tor method. The marked diminution in the concentration of expired radon will be 
noted. 


TABLE 7.—Week-End Reduction of Body Radium Content 


Radon in Breath Samples from Various Workers* Radon in 


Environ- 
Time After End of i B b] D mental Air* 


Work Week, Hr. 


0.12 
0.16 
0.04 . J J 0.00 


* Values expressed in micromicrocuries per liter. 


Taste 8.—Reduction of Breath Radon Concentration * After Various Periods of Time 


(2) 

Monday 

Work corning 

Thursday Following (1) Vacation 

0.08 0.01 
0.11 0.01 
0.12 0.08 
0.07 0.09 
6.14 0.11 
0.13 0.15 
0.93 0.40 
0.95 0.36 
0.87 0.18 
0.18 


0.30 0.10 
0.20 
0.32 0.20 
0.31 0.20 
1.03 0.83 
0.78 


* Values expressed in micromicrocuries per liter. 


A set of respirator samples was subsequently taken from active radium-dial 
painters with long-term exposures to check the fall-off over the week-end period 
and, in some cases, over longer periods. The results of these analyses are shown in 
Table 8, expressed in micromicrocuries per liter. The replicates indicated are 
successive samples. 

The results of these few tests indicate that in routine work a Monday morning 
sample approaches that which would be obtained if the person were removed from 
exposure for an extended period, and may be taken as a satisfactory approximation 
of fixed radium. 

The standard deviation of all paired values is 0.03 pyc, again indicative of the 
reproducibility of samples collected by the respirator method. 


§ 
F s a 
Person 
Bi 

0.14 

0.64 

0.61 
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DAY-TO-DAY VARIATION IN BREATH RADON CONCENTRATION 


The possibility of day-to-day variation in the breath radon content of an indi- 
vidual with a fixed radium burden was also considered. In this study, the breath 
of a former dial painter who has had no exposure for 30 years was sampled on four 
successive days in a Latin square arrangement. The results are shown in Table 9, 
the radon values being expressed as micromicrocuries per liter. 

The standard deviation due to differences in day of sampling is 9 pyc, or 8.6%. 
For routine sampling this would not significantly influence the estimation of fixed 
radium. 


TaBLe 9.—Experiment for Studying Day-to-Day Variation of Breath Radon Output 
in an Individual with Constant Body Radium 


Breath Radon Concentrations * 
B Cc 
117 


91 
100 


* Values expressed in micromicrocuries per liter. A, B, C, and D are consecutive samples. 


SUMMARY 


Investigation of four methods of sampling expired air showed that simple ex- 
halation of 10 successive breaths through a 1-1. flask gave as constant results as the 
more elaborate methods which have been proposed in the literature. 

The presence of radon in the environmental air was the most significant cause 
of variability of samples collected from individuals whose radium burden was known 
to be constant. A method of eliminating this factor has been devised, that of using 
radon-free air and a respirator. 

This method also was found to reduce the variability of successive replicate 
samples, allowing the study of other variables. 

The day-to-day variation of samples from a person with a high fixed burden 
was found to be detectable, but not of significance for routine sampling. 


The usual week-end period away from exposure reduced the body radium con- 
tent to within 25% of the fixed burden. The usual Monday morning sample may be 
considered to approximate validly the fixed radium burden. 


On the basis of the above findings, we have adopted the “respirator” method of 
sampling for routine use. Our samples are collected after 64 hr. of nonexposure. 
These changes in our sampling method have yielded data from which the variability 
formerly characteristic of breath radon samples is conspicuously absent. 


APPENDIX 
RECOMMENDED PROCEDURE FOR TAKING BREATH RADON SAMPLES 


In the method described here, compressed air and a simple respirator are used to provide a 
radon-free atmosphere. The apparatus shown in the figure is simple in operation and easy to 
maintain. The time required for taking duplicate samples is less than 10 min. per man. 
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The air supply should be a tank of washed compressed air that is at least one month old 
(to allow decay of any radon present). The standard two-stage regulator used is attached 
to a demand regulator? with a short length of %4 in. (6.5 mm.) I. D. rubber tubing, and the 
demand regulator is attached to the inhalator facepiece § with % in. (12.5 mm.) I. D. rubber 
tubing. 

The breath sample desired is taken while the subject is seated and relaxed. The use of the 
respirator does not give a “normal” breathing pattern but induces the reproducible rate and 
depth that are important in obtaining a representative sample. 

In our field work it has appeared best to explain to the subject that he will be breathing 
compressed air for several minutes, that he should try to breathe normally, and that as he is 
holding the respirator himself, if he wants to get out, he can. 

The sampling procedure may be outlined as follows: 

1. Set up the apparatus as shown, using % in. (9.5 mm.) rubber tubing on the inhalator 

outlet. Do not attach sampling flask. 

2. Clean facepiece with cotton and alcohol. 

3. Set air pressure on two-stage regulator to 10 Ib. (4.5 kg.). 

. Have the subject hold the facepiece in place while you check for leaks, particularly around 
the bridge of the nose. 

. Have the subject breathe with the respirator for five minutes to flush the environmental 
air from his lungs. (This should be regular breathing. Do not ask for deep breaths.) 

6. While the subject continues breathing as before, attach the sampling flask (with both 

stopcocks open) for a one-minute period, remove and close stopcocks. 

7. Repeat 6 for a duplicate sample. 


The equipment used for the measurement of radon was designed by our colleagues, Mr. H. D. 
LeVine and Mr. H. J. DiGiovanni. 


7. This may be the Mine Safety Appliances Company no. CS 46516 single stage demand 
regulator or equivalent. 


8. This may be the Mine Safety Appliances Company no. CS 6772 inhalator facepiece or 
equivalent modified to block the emergency intake and to adapt the output to % in. (9.5 mm.) 
I. D. rubber tubing. 
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INDUSTRIAL AND FORENSIC APPLICATIONS OF 
ELECTROENCEPHALOGRAPHY 


JOSEPH L. FETTERMAN, M.D. 
AND 
VICTOR M. VICTOROFF, M.D. 
CLEVELAND 


HISTORICAL SURVEY 


and anthropologists occasionally dig up skulls of 
ancient man showing round, smooth holes. The site and the architecture of 
these defects represent trephine operations performed by the “neurosurgeon” of the 
day with mallet and a sharp spear of stone. 

Clinical neurology has made considerable advance since that ancient day, so 
that now much can be ascertained without penetrating the cranial vault. Valuable 
have been clinical studies, spinal taps, roentgenography, pneumoencephalography, 
ventriculography and various psychological tests. A recent yet already outstanding 
addition is electroencephalography. 

The discovery by R. Caton,’ in 1875, that electrical potentials exist in the 
living mammalian brain and can be measured provided a delicate new tool for the 
neurophysiologist’s service. It was, however, not until 1929 that Dr. Hans Berger,” 
a German psychiatrist, succeeded in tracing the brain waves of a human being and 
initiated research and clinical application in electroencephalography. 

Discoveries in this field have been rapid. Notable work has been contributed 
by Berger and by Kornmiiller * in Germany; Adrian, Walter * and Williams * in 
England; Gastaut in France; and Gerard, Jasper and others,® F. and E. Gibbs,’ 
Davis,* Schwab ® and Rheinberger in America. 


From the Fetterman Clinic. 
Read before the Industrial Medicine and Orthopedic Section, Academy of Medicine of 
Cleveland, Nov. 15, 1950. 

1. Caton, R.: The Electric Currents of the Brain, Brit. M. J. 2:278, 1875; Die Stréme des 
Centralnervensystems, Zentralbl. Physiol. 4:785, 1890. 


2. Berger, H.: Uber das Elektrenkephalogramm des Menschen, Arch. Psychiat. 87:527, 
1929. 

3. Kornmiiller, A. E.: Die biolektrischen Erscheinungen architektonischer Felder der 
Grosshirnrinde, Biol. Rev. Cambridge Philos. Soc. 10:383, 1935. 

4. Walter, W. G.: The Technique and Application of Electroencephalography, J. Neurol. 
& Psychiat. 1:359, 1938. 

5. Williams, D.: The Electroencephalogram in Chronic Post-Traumatic States, J. Neurol. 
& Psychiat. 4:131, 1941; The Electroencephalogram in Acute Head Injuries, ibid. 4:107, 1941. 

6. Jasper, H.; Kershman, J., and Elvidge, A.: Electroencephalography in Head Injury, 
A. Res. Nery. & Ment. Dis. Proc. 24:388, 1945. 

7. Gibbs, F., and Gibbs, E.: Atlas of Electroencephalography, Cambridge, Mass., Lew A. 
Cummings Co., 1941. Williams, D., and Gibbs, F.: Electroencephalography in Clinical Neuro- 
logy: Its Value in Routine Diagnosis, Arch. Neurol. Psychiat. 41:519 (March) 1939. 

8. Davis, H.: Electrical Phenomena of the Brain and Spinal Cord, Ann. Rev. Physiol. 
1:345, 1939. 


9. Schwab, R. S.: The Clinical Application of Electroencephalography, S. Clin. North 
America 25:1477, 1941. 


10 


; | 
i | 
ae 
4 
i 
i 
age 
— 


FETTERMAN-VICTOROFF—INDUSTRIAL ELECTROENCEPHALOGRAPHY il 


Today the electroencephalograph, popularly referred to as the “brain wave 
machine,” has taken its place with the electrocardiograph and other devices created 
for medicine by physicists as a research and diagnostic instrument which yields 
valuable information about normal and pathological processes deep within the body 
without pain or danger to the patient. 


TECHNIQUES 


The discharge of electrical potentials from the surface of the brain is minute, 
an average of 10 to 50 millionths of a volt (mv.). The rhythmicity of this energy 
is remarkably constant, 8 to 12 pulses per second, varying only 1 or 2 pulses per 
second, in the individual at rest with eyes closed, and is called “alpha” activity 
(chart 1). 

The task of making these sinusoidal electric waves visible belongs to electronics. 
Equipment is available which picks up the tiny pulsations with paired electrodes 
placed on the scalp and magnifies them 10 to 50 million times in a system of 
vacuum tube amplifiers. A writing apparatus operating on the principle of the 
oscilloscope then directs the resultant current into linear forces which activate a 
pen writing on a paper moving at a predetermined speed. Thus a graphic record 
is made of the electrical potentials of the brain. The algebraic voltage difference 
between two regions of the brain passes through one unit of amplifiers which is 
designated as a “channel.” A minimum of four channels has been agreed on by an 
American standardizing committee as suitable for practical clinical work.’® 

So sensitive is the apparatus recording these tiny currents that there are many 
occasions for error—abnormal waves arising from faulty technique and interferences 
which should be recognized as artefacts. They may arise from sources in the 
machine itself, as from improper connections, badly balanced radio tubes or leaking 
condensers. They occur from extraneous sources of electrical energy as diathermy 
or X-ray machines, or from noncortical potentials of the patient himself—for 
example, muscle movements in neck, scalp, jaw, eyes and pharynx. 

Some of these alterations may resemble cortical patterns. Therefore, the tech- 
nician who makes the record and the electroencephalographer who supervises it 
must be critically aware of the presence of such artefacts and know how to recog- 
nize and eliminate them. 

TYPES OF RECORDS 


During the past 20 years studies of the electrical energy of the brain have pro- 
vided definite standards and descriptions of the brain waves. Normal alpha rhythm 
is recorded when the patient’s eyes are closed. Opening the eyes or other stimu- 
lation tends to suppress the alpha. Deviations from the normal depend on whether 
the brain waves become slower or rapider, whether their voltage is markedly 
increased or decreased and whether the contour of the curve is altered. Charac- 
teristic shape and time relationship changes have been found associated with def- 
inite clinical entities. During deep sleep and in coma the brain waves become 
markedly slowed, 3-6 per second, and are then referred to as “delta” waves. High 


10. Specifications for EEG Apparatus in the United States, Electroencephalog. & Clin. 
Neurophysiol. 2:338, 1950. 
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LEFT OCCIPITAL 
TO EARS 


RIGHT TEMPORAL 
TO EARS 


LEFT TEMPORAL 
TO EARS 


RIGHT PARIETAL 
TO EARS 


LEFT PARIETAL 
TO EARS 


Chart 1—Alpha rhythm. 


AUZED SLOW  BISYNCHRONOUS PAROXYSMAL HIGH 
PUNE REVERSAL PERSECOND SPIKE AND ROUND 


VOLTAGE SLOW WAVES 
SIGN OF vocauzep (DELTA) ACTivity WAVE ACTIVITY (3-6 PER SECOND 


1.30 Mv 1:30 Mv I: 30 My 
RO.RT 


RT-RP 


RP.RAT 


RFI 
LATALT 


RAT-RT 


LP,LAT 
WORMAL ALPHA 
Chart 2.—Diffuse and focal abnormality in the electroencephalogram. J means independent 
electrode recording ; E, ear electrode; R, right; L, left; A, anterior, O, occipital; T, temporal ; 
P, parietal; F, frontal. 
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voltage, rapid, 40-50 per second, sharp spikes may occur during a grand mal 
attack, while outbursts of rounded, domelike curves followed by sharp spikes, the 
so-called “dome and dart” picture, are pathognomonic of petit mal epilepsy. 


Brain wave activity varies with the age of the patient, his degree of attention 
and particularly the general functional status of the cortex. Intracerebral lesions 
and pathological effectors, as low blood sugar, which may cause disturbances of 
homeostasis, change the appearance of the electroencephalogram. Therefore, the 
electroencephalographer, in determining the significance of a certain brain wave 
must take into account many factors, not the least of which is the clinical data 
(chart 2). 

Thus far, the electroencephalogram (artefact eliminated) is considered to fur- 
nish positive diagnostic criteria in the following conditions: 


1. State of consciousness in adolescent and adult. 
2. Malingering and hysteria for visual, auditory and tactile sensations. 
3. Petit mal epilepsy. 
4. Elimination of certain diagnostic possibilities 
(a) Expanding intracranial tumors of the anterior and middle fossa 
(b) Brain abscess, acute 
(c) Encephalitis, acute 
(d) Cortical injury, 
Penetrating 
Lacerating 
Perforating 


Experience gained over the past 25 years with many thousands of electroen- 
cephalographic studies has shown a high correlation between certain clinical dis- 
orders and the brain wave. The following is a list of conditions in which the 
electroencephalogram can serve as an aid to differential diagnosis: 


Abdominal epilepsy Cerebral 
Addison’s disease Abscess 
Altitude sickness Atrophy 
Anoxia Hematoma 
Cerebral arteriosclerosis Hemorrhage 
Behavior disorders Injuries 
Birth trauma Thrombosis 
Carotid sinus hypersensitivity Chorea 
Encephalomyelitis Deafness 
Epilepsy Encephalomalacia 
Feeblemindedness Malingering 
Hypoglycemia Meningitis 
Hydrocephalus Migraine 
Hysteria Narcolepsy 
Intracranial space-filling lesions Otologic conditions 
Calcifications Paresis (neurosyphilis) 
Cysts Parkinsonism 
Foreign objects Psychosis 
Scars Schilder’s disease 
Tumors Stuttering 
Cataplexy 


Further extension of the technique has been useful in physiology and in the 
study of pharmacological agents. 
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In general, the electroencephalogram does not distinguish between the etiologic 
agents so much as it describes the total effect of these agents on the cortex. For 
example, there may be similar changes in the electroencephalogram in carbon 
monoxide and in barbiturate intoxications. The electroencephalogram does not iden- 
tify the toxic agent which was culpable, but it gives important information about 
the degree of cortical insult, the areas affected and spared, the prognosis for repair 
and the latent and subclinical morbidity. With serial examinations the progress 
of a lesion can be watched and conclusions drawn as to eventual outcome, need for 
surgical intervention or change in medical regimen. 

With the development of skill the operator learns to use these schemata of dif- 
ferential diagnoses in conjunction with all other clinical, laboratory, historical and 
psychological data. 


ELECTROENCEPHALOGRAM IN HEAD TRAUMA 


Gibbs stated that “because there is a definite relationship between head injury, 
electroencephalographic abnormality and epilepsy, an electroencephalogram should 
be obtained in all accident cases.” ** Many clinicians using this technique have cor- 
roborated this statement. 

The medical care of the head-injured is vastly complicated by factors which 
have nothing to do with the physical effect on the brain, such as psychological 
shock, cosmetic defect, social and economic changes, the possibility of compensa- 
tion and litigation and the pretraumatic personality. The verbalizations of the 
patient are frequently highly colored by an overlay of hysteria or neurotic with- 
drawal reaction. Further, the roentgenogram, the air encephalogram, the amount 
of unconsciousness or coma following trauma and the amount of anterograde and 
retrograde amnesia do not entirely correlate with either the degree of brain damage 
or the prognosis. The electroencephalogram helps to objectify the actual degree 
of brain injury suffered without the observer’s being influenced by the patient’s 
psychic state. 

The immediate effect of a head injury, which we recognize as daze, confusion 
or unconsciousness, is reflected in the electroencephalogram. Evidence demon- 
strates that immediately after head trauma diminution or even cessation of electrical 
activity of the entire cortex takes place. In fact, the more severe the injury of the 
brain, the more complete is the disappearance of alpha and the slower is the pre- 
dominant delta frequency.® 

The earliest stage of recovery manifests itself by huge, rolling, 1 to 3 per second 
discharges. Higher amplitude slow waves in the same frequency band, sometimes 
interrupted by large spikes, then appear and the intermediary stages show a 
gradual accumulation of slightly faster square and round waves in the 3 to 6 per 
second range. Further improvement toward recovery is heralded by the interposi- 
tion of normal alpha of high voltage and then later of normal amplitude (chart 3). 

There may be an improvement and a return to normal within one month fol- 
lowing injury.** However, the abnormal waves may persist and even become more 

11. Gibbs, F.: The Medicolegal Aspects of Electroencephalography, Canad. Bar Rev. 24:5, 
359, 1946. 


12. Cohn, R.: Clinical Electroencephalography, New York, McGraw-Hill Book Company, 
Inc., 1949. 
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pronounced. Abnormalities may be focal or generalized. The persistence of slow 
wave foci or regionalized spiking activity or of an area from which little excitatory 
material can be recovered suggests possible sequelae such as subdural hematoma, 
intracranial hemorrhage or scar formation. 


SEVERE 
VIRTUALLY ABSENT ELECTRICAL I w30Me 


ACTIVITY a 


1-2 PER SECOND DELTA, HIGH VOLTAGE WAVES 


SPIKE AND ROUND WAVE OF PETIT MAL 
EPILEPSY 


IRREGULAR JAGGED SHIFTING BASE LINE 


SPIKY ACTIVITY IN RUNS 


3 PER SECOND DELTA HGH VOLTAGE SLOW 
WAVES, SMALL PER CENT TIME OF ALPHA 


4-6 PER SECOND SQUARE WAVES AND 
SHARP WAVES MIXED WITH NORMAL ALPHA 


FAST, LOW VOLTAGE ACTIVITY 


ALPHA SPINDLES, HIGH VOLTAGE 


NORMAL 


8-12 PER SECOND ALPHA 15-SO MV 


Chart 3.—Typical electroencephalographic findings after cortical injury: @ and b, severe; 
c to f inclusive, moderately severe; g, h and i, mixed; j, normal. Thirty microvolts is indicated 
by the height of the calibration mark: I. In part b the calibration is the same as in part a. 


A normal or mildly abnormal electroencephalogram within the first few days 
after head injury nearly always indicates an excellent prognosis. About the value 
of a normal electroencephalogram Gibbs said: “Other things being equal, if a 


(MODERATELY SEVERE 
30 4 

€ 

AT a 
| 
- 


16 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


normal electroencephalogram is found three or more months after head injury, the 
chances are at least six to one that the patient is not a post-traumatic epileptic.” 1° 
However, if symptoms of brain injury remain after the electroencephalogram has 
returned to normal, the prospect of full recovery is not as good as if abnormality 
were still present. The symptoms are likely to be due to the complete death of 
nerve elements. Where nerve tissue is totally destroyed, no electrical energy is 
produced from the area, explaining the seemingly normal record. 


Hoefer ** has pointed out that “. . . 83.5% of patients who had normal EEG 
records had no clinical findings at the time of the test, while originally 58.7% of 
this group had definite previous histories of clinical signs. . . On the other hand, 
86% of the patients who had abnormal records had clinical signs and seizures.” 


The presence of persistent abnormalities, especially if these are focal in type, 
carries warning of a serious prognosis. Jasper said, “The persistence of severe 
EEG abnormalities within the first 10 days gives a better prognostic indication of 
delayed recovery and post-traumatic sequelae than does the clinical estimate alone.” 
Gibbs,"! in speaking of the relationship of epilepsy to trauma, stated, “If a parox- 
ysmal abnormality is found three or more months after head injury, the chances 
are at least thirteen to one that the patient has epilepsy . . . If a patient has 
seizures and shows focal paroxysmal abnormality three or more months after 
head injury, the chances are three to one that he has the seizures as a result of the 
injury . 

In regard to the correlation of electroencephalographic and other determinants 
of the severity of head injury, the following observations may be made: 


1. In the presence of clinical signs 74 per cent show abnormal electroenceph- 
alograms. 


2. In the presence of abnormal electroencephalograms 13.6 per cent show no 
objective signs. 


3. In the presence of outstandingly abnormal electroencephalograms 96 per cent 
show persistent clinical signs. 


4. In the presence of focal abnormalities in electroencephalograms 100 per cent 
show persistent clinical signs. 


5. Where psychological-test and electroencephalographic abnormalities occur 
together 91 per cent show clinically evident brain damage." 


In interpretation the electroencephalographer must always be aware that the 
abnormal electroencephalographic evidence which he observes following trauma 
might have been present in the patient as a result of an earlier injury, infection or 
congenital defect, adding a sometimes perplexing variable to his deliberations. 


13. Hoefer, P. F. A.: The Electroencephalogram in Cases of Head Injury, in Injuries of 
the Skull, Brain and Spinal Cord, edited by Samuel Brock, ed. 2, Baltimore, Williams & Wilkins 
Company, 1943, chap. 23. 

14. (a) Tyler, D. B.; Goodman, J., and Rothman, J.: The Effect of Experimental Insomnia 
on the Rate of Potential Changes on the Brain, Am. J. Physiol. 149:185, 1947. (b) Lynn, 
J. G.; Levine, K. N., and Hewson, L. R.: Psychologic Tests for the Clinical Evaluation of 
Late “Diffuse Organic,” “Neurotic” and “Normal” Reactions After Closed Head Injury, A. 
Res. Nerv. & Ment. Dis., Proc. 24:296, 1945. (c) Hoefer.1% 
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EPILEPSY 


Twenty-five years ago the diagnosis of epilepsy was made only when its most 
dramatic and serious symptoms were obvious to the beholder. The erratic peri- 
odicity of its manifestations, their recalcitrance to therapeutic agents and the usual 
negative clinical findings between seizures made it a difficult and unpopular disease 
to treat. 

The advent of the electroencephalogram renewed interest in the epileptics and 
has been of inestimable value in basic research, in uncovering etiologic factors, and 
in the diagnosis, treatment and prognosis of this previously neglected group of 
patients.*® 

When individuals who suffer epileptic seizures subsequent to known brain dis- 
ease are counted, it is found that they comprise less than 30 per cent of epileptics. 
The bulk are listed under the heading “cryptogenic,” “idiopathic” or “essential” 
epilepsy. 

The pathological physiology of epilepsy seems in some way linked to the propa- 
gation of successive neuronal discharges. A damping mechanism in the normal 
brain acts as a governor to prevent the accumulation of too many of these impulses 
too quickly. 

However, in the epileptic, control is not as good, and the aggregation of electri- 
cal potential occurs so rapidly that the signal to the periphery, instead of being 
a measured rhythm, is a tremendous burst of activity energizing the skeletal 
muscles, both agonists and antagonists, into the cortical seizure. This may produce 
a grand mal convulsion or any variant, depending on the pathways taken by the 
errant flood of current—which structures are stimulated and which inhibited. 

The electroencephalogram is remarkably well suited to the study of this phe- 
nomenon, and in 95 per cent of persons proved to have epilepsy well demonstrates 
their tendency toward this ebb and return of irregular cortical rhythms."® 

Three types of patterns are considered by many authors as pathognomonic of 
grand mal, psychomotor and petit mal epilepsy respectively : 

The grand mal seizure type is represented by a sudden shift to high voltage, 
fast spiky activity ; the psychomotor, by slow, 2 to 4 per second, high voltage, square- 
topped waves with some 6 per second and positive spikes mixed; the petit mal, by 
3 per second alternating waves and spikes.’ 

In our practice the petit mal formulation is the only one of the three graphs 
which reliably correlates with the clinical entity. However, the presence of dys- 
rhythmia or paroxysmal and abnormal forms is suggestive of a low convulsive 
threshold condition and helps to establish the diagnosis of a potential cortical 
seizure state. 

We have noted that the degree of disturbance in the electroencephalogram is 
frequently moderated as the patient comes under the influence of anticonvulsive 


medication prescribed, particularly when it is efficacious, although there are many 
exceptions. 


In 94 per cent of cases of epilepsy one or both parents of the patient have abnor- 
mal records, which, as Gibbs pointed out, makes it possible to study hereditary » 


15. Fetterman, J. L.: Practical Lessons in Psychiatry, Springfield, Ill, Charles C Thomas, 
Publisher, 1949. 


16. Gibbs, F.: Personal communication to the authors. 
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_ Chart 4—Samples of electroencephalograms of two sisters. 
seizures (B). 


: ] A reveals spikes and 4-6 per second delta in the sister who has never shown 
clinical evidence of epilepsy. 


In B (active epilepsy) there is a low per cent of alpha activity 
and many 3.5-4.5 per second square waves, strongly suggestive of a low convulsive threshold. 


Only one has suffered overt 
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factors in the illness. We note that electroencephalograms of relatives of the 
patient may also help determine those who should have anticonvulsive therapy 
before the actual appearance of convulsions (chart 4). Persons with cerebral 
dysrhythmias outnumber overt epileptics 20 to 1.‘ The only way at present that 
their latent disease can be discovered is by the electroencephalogram. 


VALUE FOR INDUSTRIAL MEDICINE 


There are many individuals in industry whose responsibility for the lives of 
others and for the management of vast undertakings is great. It would be well if 
it were possible to determine the potential lapses in memory, judgment and con- 
sciousness which might endanger the lives and the property of others. Examples 
are the airplane pilot and the railroad engineer, in whom lapse of consciousness 
could lead to catastrophe. 


The electroencephalogram may be put into service in determining the degree of 
tolerance toward oxygen levels, extremes of temperature and barometric pressure, 
metabolic alterations and fatigue, as well as in detecting low convulsive threshold 
states and preclinical cerebral lesions. 

For example, the aviation industry has the vexing problem of determining dan- 
gerous limits of fatigue and anoxia, especially under the conditions of high altitude 
flying. The electroencephalogram is of help in separating those individuals who 
undergo collapse on a vasomotor basis from those who may have latent cortical 
seizures,** 

Not unlike is the evaluation of workers in deep sea diving and in deep mine, 
caisson and tunnel building who are exposed to supra-atmospheric pressures and 
quite variable ratios of vital gases in respired air. The company that wishes to send 
men to tropical climates must know whether they are heat-sensitive. The candidate 
whose temperature-regulating center is impaired may be unaware of it until the 
vicissitudes of his job cause heat stroke. 

The electroencephalogram can help determine whether insufficient sleep will so 
seriously impair cerebral function in valued personnel as to risk accident and reduce 
output, and may help screen those who cannot safely work overtime.’* 

The worker who shows inexplicably foolish errors of judgment, inattentive- 
ness, memory lapses, temper outbursts, weeping spells, staring, groping, wan- 
dering and poorly coordinated, seemingly unmotivated acts may be suffering 
from seizure discharges of the psychomotor type or petit mal epilepsy and should 
be removed from hazardous assignment. 

The evaluation of capacity and employability of the brain-injured has been 
made difficult by psychogenic overlay and the expectation of compensation. The 
electroencephalogram along with psychological tests may help to determine the 
potential of the injured worker and how much of his symptom complex is due to 
traumatic neurosis. 


After encephalitis the possibility of maladaptive behavior, convulsions and im- 
paired reasoning may necessitate transfer from one level of work to another. The 


l6a. Gibbs, F. A.: Electroencephalography in Epilepsy, J. Pediat. 15:749 (Dec.) 1939. 


17. Thorner, M.; Gibbs, F., and Gibbs, E. L.: Relation between the Electroencephalogram 
and Flying Ability, War Med. 2:255, 1942. 
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electroencephalogram is a determinant of progress and prognosis and helps to 
establish when rehabilitation has gone far enough to return the man to his previous 
job.** 

The worker who may suffer hypoglycemic fainting spells due to hyperinsulinism, 
inadequate sugar intake or pathological glucose metabolism may lose his job when 
a comparatively simple remedy is available to eliminate his symptoms. The dis- 
appearance of abnormal forms in the electroencephalogram at normal levels of blood 
sugar would be an important guide to him and to his employer in assignment. 

Serial electroencephalograms taken at intervals subsequent to insult to the brain 
by head injury, carbon monoxide poisoning and encephalitis are valuable prognostic 
guides to capacity. The tests may be given at different levels of blood sugar, after 
measured deprivation of sleep and in the presence of various concentrations of the 
noxious agents which may be suspected of lowering cerebral vitality. 

In amateur and professional sports, participants are likely to suffer head injury. 
Victims of accidents in boxing, wrestling, football, polo, basketball and baseball can 
be evaluated by electroencephalogram, both for their own sake and for the sake of 
the team. It is important to know when a man is ready to go back into the game 
without undue risk to his career or to his life. 

The special advantage of the electroencephalogram is that it measures derange- 
ments of cortical functions at subclinical levels long before pathological clinical signs 
are picked up. It has been a practice of certain corporations to submit officials 
entrusted with major responsibilities to the test of an electrocardiogram. The 
electroencephalogram would be an even more useful test. 

We propose that general survey electroencephalograms would be indicated in 
the selection of personnel for any hazardous employment, particularly one of a 
responsible nature, where the lives of others are involved, as that of railroad 
engineer, airplane pilot, control tower operator, or cab, truck or bus driver, as an 
aid to the recognition of those with potential disturbances of consciousness due to 
physiological and cerebral disorders.!® 

Further, if practical, it is desirable to study by electroencephalogram all indi- 
viduals who have a record of accident-proneness, convulsions, fainting spells, 
previous head injury, heat stroke, brain infection, curious behavior patterns, migraine 
or any kind of cortical seizures. 

Although we are not yet prepared to state how pragmatic this recommendation 
is, we believe it is worthy of trial. We are confident that the expense and time 
involved would be more than justified in the protection of life and property. 

Not only might such a measure help to prevent major accidents, but it could 
also help to determine fair, equitable assignment and transfer policies to the interest 
of the company or government agency which may need to salvage the experience 
of valued personnel who have experienced cerebral damage. 


MEDICOLEGAL APPLICATION 


The courts are asked to decide as to the mental responsibility of certain indi- 
viduals who have committed acts or made decisions where normal judgment is 


18. Gibbs, F. A., and Gibbs, E. L.: The Electroencephalogram in Encephalitis, Arch. Neurol. 
& Psychiat. 58:184 (Aug.) 1947. 


19. Suggested by Fetterman.15 
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questioned. More common is the responsibility of courts and juries in evaluating 
the degree of cerebral injury following trauma for purposes of compensation. Such 
cases, unfortunately, often result in partisan controversy and opinion motivated by 
interest. A carefully done electroencephalogram, especially when serial tests are 
made, can furnish unbiased, reliable, objective information. 

To aid in understanding unexplained acts, such as impulsive criminal behavior, 
the electroencephalogram has already proved itself valuable. In military service, one 
of us (J. L. F.) studied a soldier who was subject to court martial, charged with 
murder. The accused was on guard duty and had inexplicably fired his rifle. The 
bullet passed into a tent and fatally wounded a soldier who had been sitting on 
his cot. 

No apparent provocative factors for this act were discovered. The history re- 
vealed that the man on guard duty was subject to minor mental lapses. Occasionally 
when eating his head would sag. The story of such peculiar spells was confirmed 
by members of his family. A sodium amytal interview (truth-testing procedure) 
corroborated this material. More significant, however, was the finding in the 
electroencephalographic study, which revealed paroxysms of slow waves coming 
from both sides of the brain. Consequently, the soldier was discharged from duty as 
having a case of psychomotor epilepsy, rather than put on trial for murder. 

The London correspondent reported in The Journal of the American Medical 
Association the case of a young man charged with the murder of his mother.*° The 
youth stated that he had been thirsty at the time, saw a knife and became “like a 
homicidal maniac.” An electroencephalogram was done, and under circumstances of 
low blood sugar similar to those which were present at the time he had committed 
his act marked abnormalities were found in the brain wave. It was argued that he 
had faulty appreciation of the meaning of his act, and the jury declared him guilty 
but insane. 

Several cases of homicide were reported to our clinic for study in which “spells” 
were blamed for criminal action. In a recent incident, a man charged with several 
murders claimed that he was not aware of his conduct and alleged that he had had 
spells since a fall from a bicycle as a child. Our neurological examination revealed 
no abnormality, and the electroencephalogram showed a normal brain wave. We 
could not substantiate a diagnosis of epilepsy. 

In cases of injury the electroencephalographer may be called to court to testify 
to what in his “considered medical opinion” was the degree of severity of the alleged 
injury, the causal connection with the accident and the actual amount of residual 
impairment. 


The probity of his answer cannot be placed entirely on the electroencephalogram ; 
yet, except in the most gross instances of head injury, or where death has occurred, 
the expert can be more confident of his answer with adequate electroencephalo- 
graphic study. 


Recently we studied a man of 45, D. A., who had suffered a depressed skull fracture of the 
right temporal area when a truck pinned his head between a back wheel and a stone wall, in 
September 1945. Thereafter he suffered headaches, dizziness, irritability and ataxia. He was 
sensitive to alcohol and committed acts of violence under its influence. Some of his actions 


20. The Electroencephalogram as Evidence Against Criminal Responsibility, Foreign Letters 
(London), J. A. M. A. 122:190 (May 15) 1943. 
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were obviously peculiar and not motivated by his best interests. For example, a year subsequent 
to the accident, while under the influence of liquor, in full view of spectators, he had attempted 
to rob a passer-by. On the approach of detectives who came forward to arrest him, he threw 
the wallet at their feet and said he never saw it. He was sentenced for a term in prison for 
this robbery. 


40 micaovorrs 


TO LEFT TEMPORAL 


RIGHT OCCIPITAL 
TO RIGHT TEMPORAL 


LEFT OCCIPITAL 
TO PARAMEDIAN 


RIGHT OCCIPITAL 
TO PARAMEDIAN 


LEFT OCCIPITAL 
TO LEFT PARIETAL 


RIGHT OCCIPITAL 
TO RIGHT PARIETAL 


Chart 5.—Case of D. A.: Four years before, the patient suffered depressed fracture of the 
right temporal bone when his head was crushed between a brick wall and the wheel of a truck. 
High voltage waves, 3.5-5 per second, are seen in the reference electrodes to the midthird of the 


cortex bilaterally. The usual posterior amplitude dominance is not present. Conclusion: focal 
and diffuse abnormality. 


In his law suit it was brought out that the man had been a roustabout in his youth. Ten 
years prior to the accident he had been involved in three instances of “mugging.” However, 
he married, settled down, and no instance of antisocial behavior occurred until the one described 
one year after his accident. Almost four years subsequent to the accident we performed 
electroencephalographic studies which demonstrated slow wave, high voltage foci in the right 
anterior-temporal and left frontal-temporal areas, and diffuse dysrhythmia (chart 5). 
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Clinical signs of head injury persisted. Roentgenograms showed a depressed fracture at the 
right temporal area. There were differences in the reflexes and a Romberg sign. Distinct 
dispositional and personality changes, including nervousness, intellectual change and certain 
visceral and somatic reactions persisted. These included sweating and tremors. It was our 
opinion that the personality changes in the individual were the result of head injury. The jury 
found for the defendant and awarded a judgment. 


Because of the prompt variations in energy output of the brain when stimulated, 
discreet use of the electroencephalogram can help to detect the malingerer or the 
hysteric who claims absolute deafness, blindness or anesthesia.** A flash of light 
to the retina, or a sound transmitted to the temporal lobe hearing centers, or the 
attention of the brain to external sensory impressions invariably causes the dis- 
appearance of alpha activity. This is a test beyond argument or appeal which 
indicates at least that the stimulus has been received at the perception center in the 
brain. This would mean, for example, that the presence of normal alpha emitted 
from the brain of the patient simulating unconsciousness or a comatose state would 
make the impression of fraud virtually certain. 

On the basis of our experience and that in the literature, we may make certain 
definite points about the reliability of electroencephalography in the court room. 

1. The immediate electroencephalogram is of little value in judging ultimate and 
permanent damage, although, of course, it is most significant in evaluating the 
present status of the patient. 

2. Serial electroencephalograms must be made later than eight months after 


trauma, until the basic pattern becomes stabilized, before prognosis can fairly be 
estimated. 


3. A mildly dysrhythmic pattern shown by an electroencephalogram taken after 
a year may become worse, but will not improve. 


4. A normal electroencephalogram following markedly abnormal records or in 


the presence of clinical signs does not rule out the possibility that there is residual 
brain damage. 


5. The probability of post-traumatic epilepsy may be computed in the presence 
of paroxysmal activity. 


6. The electroencephalogram shows its major advantage as an objective evalu- 
ation of the clinical status of the patient when correlated with psychological 
abstraction tests, clinical and laboratory studies and an extensive, penetrating 
history. 

7. Lastly, the recording and interpretation of brain waves are influenced not 
only by the patient but by the technique, the attitude and the experience of the 
electroencephalographer. 

CONCLUSIONS 


Our experience, as well as that of many of the other workers in this field, has 
shown the significance and value of the electroencephalogram in medicolegal and 
industrial medicine. Properly integrated with other clinical, laboratory and survey 
procedures, it can help industry to remove men from jobs they should not hold; 
evaluate the capacity of the man who has undergone a brain injury; detect latent 


21. Lemere, F.: Electroencephalography as a method of Distinguishing True from False 
Blindness, J. A. M. A. 118:884 (Mar. 14) 1942. 
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cortical seizure states, such as epilepsy; estimate the effect of changing environ- 
ment and toxic agents on cerebral function, and separate some hysterical from 
organic disorders. 

In law it is of special value in helping to determine mental capacity in testa- 
mentary cases; culpability in criminal court; latent and actual cerebral damage 
in compensation cases, and malingering in litigation claiming total loss of vision, 
hearing or tactile sensation. 

For the physician involved in medicolegal, industrial or compensation work, the 
electroencephalogram may be called on to help plan treatment and evaluate prognosis 
of the encephalopathies. 

We have proposed electroencephalographic tests as an aid in the selection of 
those workers and executives whose alertness and clear consciousness is vital to 
safety and welfare of others, as in the instance of public transport. 

In a brilliant address before the Academy of Medicine of New York in 1929, 
Benjamin Cardozo, Chief Justice of the Supreme Court, said in warning to dogmatic 
scientists : 

The prevailing tendency . . . hold(s) the mysticism of the impressionist to be incompatible 
with the dignity of science. I am satisfied that this is so when science has so experimented as 


to have the right to be certain of its ground. What I fear is a pseudo-science which has 
assurance without conviction . . .22 (Italics ours.) 


Finally, the integrity of the operator and technician, the excellence and main- 
tenance of the equipment, and the integration of the data with all other tests of 
function and pathology protect the public against the creation of a “pseudo-science” 
and place the electroencephalograph in its special niche as a respectable laboratory 
tool for medicine. 


10528 Park Lane. 


22. Cardozo, B.: What Medicine Can Do for Law, Bull. New York Acad. Med. 5:581, 1929. 
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CONTROL OF DUSTS BY WATER MISTS 


KENNETH W. NELSON, B.Ed. 
SALT LAKE CITY 


ETTING is a simple and effective way of reducing dustiness in certain 

industrial processes. It is certainly the oldest and probably the most widely 
used method of dust suppression. The development of suitable wetting agents in 
recent years has increased its effectiveness and expanded its applications. 

In the smelting industry water is used wherever possible to allay dust in materials 
handling, but in one of the dustier operations of the industry, ore crushing, its use- 
fulness has been limited. Pring‘ concluded that wet methods are not feasible in 
large-scale coarse and secondary crushing, because of the relatively great volumes of 
water required to wet instantly each freshly fractured rock surface. Furthermore, 
surface wetting of coarse materials does not prevent dusting during the crushing 
process. Another difficulty, particularly in a mill where the flow of material is 
variable in volume and quality, is the necessity of constantly regulating the amount 
of water applied to avoid overwetting. Too much water causes clogging of chutes 
and screens. Clean-up time between ore lots is excessive, and the efficiency of 
crushers may be reduced appreciably. 


Some time ago the possibility of using water mists for dust control in crushing 
plants was considered, the idea being to quench dust clouds at the major sources. 
Past experience had shown that ordinary sprays would be relatively ineffective and 
would tend to overwet. What was sought was a simple means of producing a 
voluminous mist of extremely small droplets to obtain the maximum number of 
droplets from a small amount of water. 


In 1936 Hay? described a compressed air-water mist projector for suppressing 
dusts in coal mines after blasting. Phillips * and the United States Department of 
the Interior, Bureau of Mines,‘ carried out practical investigations, the latter con- 
cluding that dust generated during blasting could be reduced by more than 99% 


This paper was presented at the Twelfth Annual Meeting of the American Industrial 
Hygiene Association, in Atlantic City, N. J., April 24, 1951. 

1. Pring, R. T.: Dust Control in Large-Scale Ore-Concentration Operations, American 
Institute of Mining and Metallurgical Engineers Technical Publication No. 1225, Mining Tech- 
nology 4:1-9 (Sept.) 1940. 

2. Hay, P. S.: Mist Projector for Suppressing Dust and Fumes After Shot-Firing, Iron 
& Coal Trades Rev. 132:580 (March 27) 1936. 

3. Phillips, W.: Spray Atomizers for Dust Abatement, Mining J. 20:46 (March 15) 1937. 

4. Brown, C. E., and Schrenk, H. H.: Control of Dust from Blasting by a Spray of Water 
Mist, Report of Investigations No. 3388, United States Department of Interior, Bureau of Mines, 
March, 1938. 
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with mist sprays. Williamson and Shugert ° confirmed these findings in their dis- 
cussion of dust control in metal mines. 

The Coal Dust Research Committee of the Monmouthshire and South Wales 
Coal Owners Association * in 1940 reported extensive studies on mist projectors. 
It was found that best dust suppression was obtained with maximum water atomi- 
zation, that reduction of water surface tension by wetting agents was not so impor- 
tant a factor as small droplet size, and that the dust suppression effects of mists could. 
exceed that of steam. More recently George * compared the efficiencies of water 
sprays, mist projectors, and steam jets. His work showed again that mists were 
superior to steam. Steam envelops and wets dust particles, but the particles remain 
air-borne for considerable distances. Mists, also, wet dust particles and promote 
rapid settling by increasing the particle size. This principle is utilized in the 
Venturi scrubber. 


EXPERIMENTAL OBSERVATIONS 


Laboratory Trials—Though mist sprays or “foggers” had been used success- 
fully in the confined spaces of dead-end headings and raises in mines, there remained. 


Test Runs, Samples Collected by Midget Impinger; Light Feld Counts 


* MPPCF = million particles per cubie foot. 


MPPCF * MPPCF * Reduction, 

Dust Souree (Sprays off) (Sprays on) % 

Symons cone disch 1,760 1,040 41 

Symons cone dischar 8,300 1,710 48 

Symons cone disehar li 2,780 2,260 19 

Crushing rolls 375 179 52 

Crushing rolls dischar limestone. 910 51 94 

Crushing rolls 567 316 44 

3 Crushing rolls discharge—ore..............-000css00+ 667 89 87 

Gyratory crusher 141 37 74 

4 

4 


to be determined whether or not they would have much value in control of dust front 
open sources in a crushing plant. Laboratory trials were carried out by introducing 
a mineral-dust stream at a fairly constant rate into a 1,000 cu. ft. (28 cu. m.) 
chamber, the chamber outlet being kept open to prevent saturating the air of the 
chamber with moisture when mists were used. Schrenk’s* dust apparatus was. 
employed. When dry runs were made, the dust concentrations in the chamber rose 
evenly over the 30-min. or 60-min. test periods. An ordinary cooling fan was. i 
operated continuously to distribute the dust-laden air uniformly throughout the 
chamber. Identical runs were made with the mist from a compressed air-water 
spray nozzle directed at the point of dust entry. Under these conditions dust con- 
centrations were 50 to 65% less than those obtained. with dry runs. 


5. Williamson, W. C., and Shugert, J. L.: Practical Dust Control in Metal Mines, Mining 
; Engin. (Transactions Section) 187:86-90 (Jan.) 1950. 
4 6. Monmouthshire and South Wales Coal Owners’ Association: The Action of Sprays, 
a) abstracted, Colliery Guardian 161: nos. 4163-4164 (Oct.) 1940. 
’ 7. George, K. Z.: Steam Infusion as a Means of Dust Suppression, Tr. Inst. Mining: 
Engineers 109:40 (Oct.) 1949, 

8. Schrenk, H. H.: Testing and Design of Respiratory Protective Devices, Informatiom 
Circular no. 7086, United States Department of Interior, Bureau of Mines, September, 1939. 
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Field Trials—In a smelter crushing plant handling a variety of ores and fluxes, 
atomizing nozzles were installed at some of the major sources of dusts. As the 
installations proceeded, air samples were collected a few feet from the sources to 
measure, approximately, the degree of dust suppression. Samples taken with mist 
sprays off and on were collected in rapid sequence—there was less than a 
one-minute interval between them. The difficulties of exact determinations of dust- 
suppression effect in a plant are evident when one considers the numerous uncon- 
trollable variables, but the dust concentrations listed in the table leave little doubt 
that the mist sprays reduce dust dispersion appreciably. 

During a continuous 45-min. run of limestone a series of samples were collected 
at breathing level midway between the discharge points of a rolls crusher and a 
Symons cone crusher. Figure 1 illustrates the severalfold increase in dust concen- 
trations which occurred when sprays were shut off. 


3 
2 


10 15 25 30 35 40 45 50 
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Fig. 1—Dust concentration with sprays on and off, in a continuous run of limestone. 


The dust-suppression effect of the mist sprays was readily apparent to an 
observer. Figures 2 to 5 show the actual conditions and depict somewhat the man- 
ner in which sprays were installed. 

Types of Nozzles Used —Commercially available pneumatic atomizing nozzles * 
were used to produce water mists in the laboratory and in the field. In these 
nozzles water and air are mixed internally to produce a round, wide-angle round, 
or flat-spray pattern. With properly adjusted pressures, atomization is complete. 
Measurements indicated that the droplets range in size from about 10 to 50 p» in 
diameter, the majority being less than 25 ». Consumption of both air and water 
depends on nozzle size and the pressure used. A typical nozzle which produces a 
good volume of mist for dust suppression uses, according to the manufacturer’s data, 
10.8 gal. (40.8 1.) of water per hour and 5.3 cu. ft. (0.15 cu. m.) of free air per 


9. Type 4 JNP atomizing nozzle, made by Spraying Systems Company, Chicago, was used. 
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minute when water is supplied at 40 Ib./sq. in. (3 kg./sq. cm.), air at 50 Ib./sq. in. 
(4 kg./sq. cm.). 

No fixed rules have been developed for using pneumatic atomizing nozzles for 
dust control. As a general thing, the nozzles should be placed several feet away 


Fig. 2.—A, typical nozzle set-up at transfer point of crushed material. B, nozzle assembly 
over the belt receiving the discharge of a rolls crusher. The spray is directed against the flow 
of material. 


from the dust source, so that the mist stream can expand and blanket the source 
with a dense mist cloud. If the dust tends to flow in one direction, it is well to have 
the mist moving against the direction of flow. The size and the number of nozzles 


‘ 


Fig. 4.—A, view of dusting from a rolls-crusher discharge with sprays off. B, same view as 
A with sprays on. 
29 


Fig. 3—Spray assembly at belt entry to a rolls-crusher discharge. L 
ae 
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used will depend on the area to be covered, Pressure regulators in main lines are 
usually necessary to maintain proper air and water pressures. Filters in the water 
lines or nozzles with built-in filters should be used to prevent clogging of the water 


Fig. 5.—A, dusting from a belt receiving crushed material from rolls. The sprays are off. 
B, same as A, with sprays on. 


jets. Dust sources may be enclosed with canvas-covered frames or the like to 
increase dust suppression. Enclosures promote intimate mixing of mist and dust, 
increasing the opportunities for collision and wetting. The additional surface 
afforded for impingement of wetted dust further decreases the degree of dispersion. 
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SUMMARY 

Dustiness in crushing operations can be reduced significantly by applying mists 
irom pneumatic atomizing nozzles to major sources of dusts. Air-borne dust par- 
ticles are wetted and deposited by impingement on a surrounding surface or, because 
of increased particle size, settle near the source instead of being widely dispersed. 
Crushed material passing through the zone of concentrated mist is surface-moistened 
but not overwetted, and is less dusty in later stages of handling. 

Dust control with water mists has the advantages of low costs and simple instal- 
lation. It does not control dusts in the sense that a well-designed exhaust ventila- 
tion system does, but may be useful as another mode of attack on dust problems. 
Applications which suggest themselves are (1) alleviation of dust problems which 
are temporary in nature and would not warrant construction of a complete ventila- 
tion system, (2) control of nuisance dusts, and (3) control of pneumonoconiosis- 
producing or toxic dusts in situations where the degree of control attainable by mists 
would reduce concentrations to satisfactory levels. 
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SYMPTOMATIC TREATMENT OF THE COMMON COLD 


RONALD FORBES BUCHAN, M.D., C.M. 


ALFRED E. GRAS, M.D. 
AND 
FRANK H. DAVID, A.B., A.S.A. 
NEWARK, N. J. 


HE COMMON cold is the greatest single source of morbidity and absentee- 

isin in all occupations. The present report is an evaluation of cases of respira- 
tory disease believed to be the “common cold” in which the patients were observed 
under controlled therapy during the period from November 1949 to May 1950. At 
the onset of this study four papers related to the usefulness of antihistaminics in the 
treatment of the common cold had appeared in the medical literature.'| Numerous 
others have since appeared, with varying control, sample size, and conclusions as 
to efficacy. Most recently Lowell and his associates,” in a study of 1,214 subjects, 
evaluated three antihistamines, with a placebo control. They were unable to detect 
any therapeutic advantage of antihistamines over the placebos, confirming the lack 
of demonstrable effect shown by various workers in several well controlled studies 
in a number of places.* 


From the Medical Department, Employee Health Service Prudential Insurance Company 
of America. 

Dr. Leo Pirk of the department of clinical research of Hoffmann-LaRoche, Inc., Nutley, 
N. J., cooperated in devising and providing all formulas utilized in this study. 

Director, Employee Health Service, Prudential Insurance Company of America, Newark, 
N. J].: Associate Clinical Professor of Industrial Medicine, Post-Graduate Medical School, 
New York University-Bellevue Medical Center, New York (Dr. Buchan). Attending Physician, 
Employee Health Service, Prudential Insurance Company of America; Assistant in Allergy, 
St. Michael’s Hospital; St. Barnabas Hospital; Assistant in Metabolic Diseases, Presbyterian 
Hospital (Dr. Gras). Actuarial Assistant, Prudential Insurance Company of America 
(Mr. David). 

Thephorin,® Hoffmann-LaRoche brand of phenindamine (2-methyl-9-phenyl-2,3,4,9-tetra- 
hydro-1l-pyridindene hydrogen tartrate), was utilized in this study. 

1. Brewster, J. M.: Benadryl as a Therapeutic Agent in the Treatment of the Common 
Cold, U. S. Nav. M. Bull. 47:810 (Sept.) 1947. Brewster, J. M.: Antihistaminic Drugs in the 
Therapy of the Common Cold, ibid. 49:1 (Jan.-Feb.) 1949; Indust. Med. 18:217 (May) 1949. 
Gordon, J. S.: Antihistaminic Drugs in the Treatment of Upper Respiratory Tract Infection, 
Laryngoscope 58:1265 (Dec.) 1948. Murray, H. G.: The Treatment of Head Colds with an 
Antihistamine Drug, Indust. Med. 18:215 (May) 1949. Lowell, F. C.; Schiller, I. W.; Alman, 
J. E., and Mountain, C. F.: The Antihistaminic Drugs in the Treatment of the Common Cold, 
New England J. Med. 244:132 (Jan. 25) 1951. 

2. Lowell, F. C.; Schiller, 1. W.; Alman, J. E., and Mountain, C. F.: The Antihistaminic 
Drugs in the Treatment of the Common Cold, New England J. Med. 244:132 (Jan. 25) 1951. 

3. Shaw, C. R., and Wightman, H. B.: A Study of the Treatment of the Common Cold 
with an Antihistaminic Drug, New York J. Med. 50:1109 (May 1) 1950. Feller, A. E.; 
Badger, G. F.; Hodges, R. G.; Jordan, W. S., Jr.; Rammelkamp, C. H., Jr., and Dingle, J. H.: 
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In reviewing these studies it appeared that the early workers had used either 
inadequate controls or no controls at all. Clinically, we have long been aware that 
a large percentage of episodes of sniffles or sneezing do not materialize into colds. 
All these instances might well be recorded as cures if antihistamine therapy were 
initiated at the first sign of what is thought will develop into a cold. It seemed 
apparent that a controlled study comprising large numbers of patients might make 
clear the role of antihistamines in the prevention and treatment of the common cold. 
In addition, it was felt to be useful to appraise the combination of antihistamine 
and acetylsalicylic acid-acetophenetidin-caffeine which quickly appeared on the 
scene, and also the traditional analgesic combination of acetylsalicylic acid-aceto- 
phenetidin-caffeine (“APC”). It was also thought best to wait until late in the 
fall, with its relative absence of plant pollens and its seasonal increase in incidence 
of upper respiratory tract infections. 


PROCEDURE 


Numerous educational mediums were utilized to arouse the interest and elicit the voluntary 
participation of 12,000 employees in the Home Office. Arrangements were made whereby all 
patients reporting to the Employee Health Service because of a cold were divided into four 
groups; one to receive phenindamine (thephorin®) (10-mg. tablets designated A); another, 


COLD PILLS (3 DAY SUPPLY) 

For Head Colds: Take 2 white tablets 3 times a day at approximately 4-5 hour intervals or pref- 
erably after each meal. In addition, tske 2 blue tablets before retiring. If you intend to retire 
shortly after your evening meal, omit the usual after-supper dose of 2 white tablets. Instead take 2 
blue tablets, and take no more tablets that evening. 

IMPORTANT: Do not take any other medication (headache powders, aspirin, Anacin, Aspergum 
or other remedies) while taking these cold pills. 

Please follow instructions on Report Form 2 carefully and answer all questions thereon faithfully 
every day. 


Fig. 1—Instructions as given on envelopes containing consignments of tablets. 


placebo medication (designated B); the third, phenindamine 10 mg., acetylsalicylic acid 160 mg., 
acetophenetidin 160 mg., and caffeine 15 mg. (thephorin-AC,® designated C), and the fourth 
acetylsalicylic acid-acetophenetidin-caffeine in quantities corresponding to the acetylsalicylic 
acid, acetophenetidin, caffeine content of the phenindamine-acetylsalicylic-acetophenetidin-caffeine 
tablets (designated D). All four types of tablets were prepared, simulating one another in size, 
color (white), and shape. Four kinds of blue (night) tablets of the aforementioned compositions 
were also supplied which, in addition, contained phenobarbital. Each night tablet of pheninda- 
mine and of phenindamine-acetylsalicylic acid-acetophenetidin-caffeine contained 7.5 mg., and 
each night tablet of the placebos and the acetylsalicylic acid-acetophenetidin-caffeine tablets, 
3.75 mg., of phenobarbital. The dosage plan for all four groups of patients was as follows: 
2 tablets stat., 2 tablets after each meal, and 2 tablets at bedtime, to be repeated for three days. 
Thus the total daily antihistamine dose was 80 mg. Phenobarbital was added to the night 
tablets to offset the stimulating effect of phenindamine, which was anticipated to cause insomnia 


The Failure of Antihistaminic Drugs to Prevent or Cure the Common Cold and Undiffer- 
entiated Respiratory Diseases, New England J. Med. 242:737 (May 11) 1950. Hoagland, R. J.; 
Deitz, E. N.; Myers, P. W., and Cosand, H. C.: Antihistaminic Drugs for Colds, J. A. M. A. 
143:157 (May 13) 1950. Cowan, D. W., and Diehl, H. S.: Antihistaminic Agents and Ascorbic 
Acid in the Early Treatment of the Common Cold, ibid. 143:421 (June 3) 1950. Clinical Trials 
of Antihistaminic Drugs in Prevention and Treatment of the Common Cold: Report by a 
Special Committee of the Medical Research Council, Brit. M. J. 2:425 (Aug. 19) 1950. Lorri- 
man, G., and Martin, W. J... Trial of Antistin in the Common Cold, ibid. 2:430 (Aug. 19) 1950. 
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in a certain percentage of patients. The objective of giving half the dose of phenobarbital to the 
controls was to assure an equivalent sedative effect. Thus, as far as sleep is concerned, all four 
groups were brought onto a common denominator except for unavoidable subjective variations. 
Tablets were distributed in envelopes prefilled by nurses from coded stock bottles. One medica- 


tion only was packaged at a time to avoid error. The envelopes were imprinted with the 
instructions shown in Figure 1. 


COLD ANALYS!S REPORT FORM #1 
EurLover Seavice 


Fiest MIOOLE | Orviston 


Sex: 
(mre oO 


10-11 cou. 12 


To Employee: 


The Employee Health Service wishes to complete a study whicn can be of great value in the 
treatment of colds. Your cooperation is earnestly requested in answering the questions 


below. Please be as accurate as possible, as your response will help us accumulate im- 
portant medical facts. 


TOMS: PLEASE CHECK IN THE SOX THE SYMPTOMS You nave Mow LONG mas 


17 BEEN SINCE THE FIRST OF THESE SYMPTOMS 
morice was NOTICEO? 


COUGHING 


eer ww 


BURNING, SMARTING, TICKLING Of 
SORENESS HOSE OF THROAT. 


omen (oescatec) 


Have YOU EVER wad FeveR? Mave You EVER MAD any 


ARE YOU SUBJECT TO FREQUENT COLDS: 


rer ren Ya. -2 C)?.10 ren 


DO NOT WRITE BELOW THIS LINE 


Dare oF FiesT vistT. Cho-: 


Tor: Purse: 


Comecications (M.D. om R.N.) cOL. 24 


ADENOP ATHY 1 2 MOARSENESS 3 4 


simusitis 6 


SORE THROAT 7 


Systemic e 


Fig. 2—Form 1. 


As the patient reported to the Employee Health Service and was accepted for study, he was 
asked to indicate on Form 1 (Fig. 2) the type and the duration of his symptoms. He was queried 
regarding any history of allergy and the frequency of colds in the past. The physician or the 
nurse entered his temperature and his pulse rate, and other clinical observations. Patients 
complaining of such symptoms as “stuffy heads,” sneezing, coughing, running nose, headache, 
chilliness, muscular aches or pains, or burning, smarting, tickling or soreness of nose or throat 
were generally accepted for the study. To each patient was handed the prepackaged three days” 
supply of tablets, together with Report Form 2 (Fig. 3), on which daily entries were to be 
made. The patient was requested to state for each of the three days the exact number of tablets 
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taken, whether he had resorted to any other medication (which he had been explicitly requested 
not to do) and which of the symptoms listed were improved, had disappeared, or had become 
worse. In addition, the patient was to state whether the medication stopped or helped his cold. 
Finally, he was requested to indicate any absence ensuing during the period of his report. All this 
information could be easily recorded by checking appropriate boxes. Assistance in completing 


COLD ANALYSIS REPORT FORM #2 
Seavice 


2526-27 


PLEASE READ CAREFULLY: 


You have enough pills for three days’ treatment. Take them as directed on the envelope for three 
days. If you develop any common complications of a cold such as sinusitis, sore ears, etc., or 
IF IN DOUBT ABOUT CONTINUANCE OF MEDICATION, PLEASE REPORT BACK TO £.H.S. 


IMPORTANT: Please answer 11 the questions below om each day you take the cold pills by 

a) a - If your cold is gone within 3 days, please hand the completed form to your 
Manager or his designated representative, who will forward it to Health Research. IF YOUR COLD 
HAS ONLY IMPROVED OR IP YOU DO MOT PEEL BETTER AFTER THESE 3 DAYS, PLEASE REPORT TO &.H.S. 


IP YOU NEED ASSISTANCE IW COMPLETING THE FORM, PLEASE CALL AT THE RECEPTION DESK, £.H.S. Your 
cooperation will be a definite contribution to medical research. 


PRIN 


HOw MANY TABLETS O10 You Take : 48 
(INSERT ACTUAL NUMBER FOR EACH OAT)» 
co. 47 
HAVE YOU TAKEN WEDICATION OTHER 
THAT RECEIVED (6 E.H.S. FOR THIS oO 
1S? oar. no 2 
2ND Day, “DESCRIBE SPACE TO *DESCRIGE SPACE Seace To 
30 
WHICH OF THE SYMPTOMS LISTED OFLOW WERE | IMPROVED O1SAPPEARED 
IMPROVED, DISAPPEARED OF WORSE ON THE 
COVERED BY YOUR 
(CHECK APPROPRIATE BOX FOR EACH DAY) 


° 
ir 


Cou. 32 


3 
8 


sTUFFY 
SHEETING 
COUGHING 
RUNNING NOSE 
MEADACHE 


CHILL INESS 


MUSCULAR ACHES OF PAINS 


BURNING, SYARTING. TICKLING OF SORENESS 
NOSE & THROAT 


O00 ooooo0d0 
00 OO00000 

0 
00 OO00000 


DO YOU THINK THE MEDICINE YouR 
£040 ON THE DAY COVERED BY YOUR REPORT? 
(CHECK APPROPRIATE BOX 


WERE YOU ASSENT ANY WORK COVERED 
YouR 
(CHECK APPROPRIATE BOX FOR EACH DAY) 


COMMENTS: (Patient, INSERT WERE ANY COMMENTS YOU WAY HAVE OW COURSE OF YOUR COLD Of ACTION OF MEDICINE. USE OTHER SiOe 


Fig. 3.—Form 2. 


the forms was offered to any who needed help, although few sought such assistance. The 
completed forms were forwarded via interoffice mail to the Employee Health Service. 

If after three days complications of the cold arose, or if the patient had questions, he was 
requested to report back to the Employee Health Service. Report Form 3 (Fig. 4) was then 
utilized for further observations. 

Patients were not aware of the fact that placebo medication or medication other than anti- 
histamine was included. . Staff physicians knew what the code designations on the tablets signi- 
fied. This was not considered an impediment to the experiment, since evaluation of results 
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depended on the patient's appraisal of the benefits obtained. However, this accounts for a degree 
of selection practiced in the beginning by the staff physicians in “steering” patients to the 
antihistamine (A) group. The practice was immediately stopped and all cases in which 
“steering” had occurred were statistically reviewed and analyzed. It was determined that the 
number and the nature of these cases had no statistical impact on the conclusions. 


COLD ANALYSIS REPORT FORM #3 
Senvice 


Deve 


to. 88-57 
MIDOLE INITIAL Otv. Om DEFT. 


«o. an. (Je 


i “This form to be used only upon return of patient for 
evaluation of complications, continuation of therapy, or for 
problems incidental to cold therapy previously prescribed for 
same cold. 


DAYS OF PREVIOUS THERAPY: INTERVAL BETWEEN THERAPY AE 


foe COMMENT ON EFFECT OF MEDICATION 


(ow 


Meactions (TO Rx) 


CONTINUED UNRELIEVED SYMPTOMS RESULT 


REACTION TO Rx 


FURTNER RECOMMENDED COURSE; 84 
YES, CONTINUE as (1 cay) = 1 
CONTINUE THERAPY ves wo 


YES, CONTINUE as PER scHEOULE (2 2 


NUMBER OF DAYS SUPPLY OF TABLETS 01 SPENSEO: YES. CONTINUE as PER SCHEDULE (3 Days) | 3 
cor. 66 
ape CI: 
ANTIMISTAMING 2 
C PLUS THROAT THERAPY we 
COD PLUS AMMONIUM CHLORIDE 5 
vaso CONSTRICTORS co 


omens 


mn: (only if further cold therapy recommended above) 
‘MONTH oar 


Dere 


wo. aw. 


COMMENT ON EFFECT OF MEDICATION, EVALUATION OF RESULTS. 


Fig. 4.—Form 3. 


DATA INCLUDED 


Of 5,921 cases of common cold in which the patients reported for attention 
during the period of study, 3,315 in which the patients elected to participate were 
accepted. For the purposes of this study, the diagnosis of the patient was accepted 
unless the observations of the nurse or the physician indicated the contrary. 

Four hundred and fifty cases were excluded from the study because of incom- 
plete information. The data from a total of 2,865 cases were analyzed. These do 
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not represent 2,865 different patients, since some patients reported for more than 
one cold. 

The results of each day are based on tables prepared from punch cards derived 
from the completed questionnaires of those who reported that they took the medi- 
cation on that day, regardless of whether they took the exact quantity recommended. 
Those who did not take any medication on a given day were excluded from the 
results of that day. The questionnaire forms used in the preparation of the punch 
cards for this study are reproduced in Figures 2, 3, and 4. 


COMMENTS ON CODING 


Form 2 was generally completed by the patient without assistance, and certain 
inconsistencies in coding developed. For example, in a sample of 100 cases, about 
75% of the patients who answered “Yes” to the question “Do you think the 
medicine stopped your cold on the day covered by your report?” also answered 
“Yes” to the question “Do you think the medicine helped your cold on the day 
covered by your report?” About 25% did not answer the second question. The 
cold-helped cases therefore include approximately 75% of the cold-stopped cases. 

About two-thirds of the patients who reported their cold stopped on the first 
or second day again reported it stopped on the following days. Most of the others 
did not answer the question on the following days, but some answered “No.” It is 
not possible to deduce any valid cumulative figures from the tables. 


DEFINITION OF SIGNIFICANCE 

In testing the significance of the difference in results between two medications, 
the statistical theory of the distribution of the difference of two percentages was 
used. In this study, a difference in the percentage of colds stopped or improved 
was considered significant if it exceeded twice the standard deviation calculated on 
the statistical hypothesis that the two medications involved were equally effective. 

It is recognized that the significance of a difference in percentages depends on 
two factors: (1) the size of the difference and (2) the size of the samples from 
which the percentages were derived. With these premises in mind, a review of the 
tables * derived from the protocol sheets is productive of the following observations. 


TABLE ANALYSES 


In each instance A (antihistamine) is compared with B (placebo), C (anti- 
histamine plus acetylsalicylic acid-acetophenetidin-caffeine), and D (acetylsalicylic 
acid-acetophenetidin-caffeine. 


Over-All Results (Table 1).—A-B: On the first day the difference of the 
percentages of colds stopped and helped attains significance. Approximately 10% 
more patients obtained reportable subjective relief from antihistamine than from 
the placebo. On the second and third days the difference of the percentages of 
colds stopped and helped were not significant. The difference of the percentages 
of patients obtaining reportable subjective reliei decreased progressively. 


We may say, therefore, that so far as the total number of patients experiencing 
relief is concerned, antihistamine was effective in 10% more patients than a placebo 


4. Detailed analysis tables, while not incorporated here, are available from the authors. 
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on the first day. This advantage decreased with the passage of time and became 
negligible on the third day. 

A-C: On the first day both medications produced identical results. On the 
second and third days the differences were not significant. 

A-D: The difference of the percentages of colds stopped—5% on the first day 
and 6% on both the second and the third day—was significant on all three days. 
The difference of the percentages of colds helped was not significant on any day. 

So far as the total number of patients experiencing relief is concerned, the A-D 
comparison shows results similar to the A-B comparison. A had a 6% advantage 
over D on the first day; this advantage decreased with time and became negligible 
on the third day. 

Taste 1.—Over-All Results 


Stopped Cold Helped Cold 
= 
Not Not 
Stated Stated 
13 
4 
5 13 


Results of Ist day 


Results of 2d day 


Results of 3d day 


2.—Absenteeisin 


Absent on Ist Day Absent on 2d Day Absent on 3d Day 
Total N Total 
Typeof No.of Yes N es v No. of 
Tablet Cases % % % % % Cases 
A S61 ll 624 
B 612 ll § 424 
D 638 it 487 
Alltypes 2,865 10 2,057 


Wolf * has discussed in a valuable contribution the pharmacology of placebos. 
He emphasized the care necessary in the interpretation of therapeutic results with 
any drug, outlining the subjective and objective findings in placebo therapy. 

Absenteeism (Table 2).—With respect to patients who remained away from 
work because of colds, there were no significant differences between the four types 
of medication on any day, nor was absenteeism decreased during the period of the 
study in comparison with years in which antihistaminic therapy was not used. 

Relationship Between Time of Administration After Onset and Ultimate Course 
of Cold.—Hourly groups were compared day by day. The first group for which 
results are given was that in which medication began in one to three hours after 


5. Wolf, S.: Effects of Suggestion and Conditioning on the Action of Chemical Agents in 
Human Subjects: The Pharmacology of Placebos, J. Clin. Invest. 29:100 (Jan.) 1950. 
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onset. A-B: No significant difference was found for any day. A-C: No significant 
difference was found for any day. A-D: On the first day the percentage of colds 
stopped was significantly higher for A; the difference was 14%. Otherwise there 
were no significant differences on any day. 

No consistent significant differences were noted between A and B, A and C, 
and A and D medications in any of the other hourly groups from four to 72 hr., 
inclusive. 

One to Three Hours Contrasted with All Other Numbers of Hours: For each 
type of medication the percentage of colds stopped was significantly higher on the 
first day among those who reported within one to three hours than among those 
reporting in the other numbers of hours. The order of significance was A-21%, 
C-19%, B-14%, D-11%. While this may suggest that promptness in starting 
medication is important, it also suggests that many of those who started any medi- 
cation within one to three hours and reported their colds stopped on the first day 
did not actually have a cold. 


On the second day the difference in percentage of “colds stopped” was still 
significant, A-17%, D-18%, B-13%, C-12%. On the third day the differences 
were no longer significant. 

As to percentage of “colds helped,” the difference on the first day between those 
reporting within ene to three hours and the others was significant in order for 
B—14%, D—12%, and C—11%, but not for A—2%. On the second and third 
days there were no significant differences. 

In view of the fact that the “helped” category includes approximately 75% of 
the “stopped” category, the measurement of “colds helped” is of interest. On the 
first day the placebo (B) is most effective, followed by C and D. A produced no. 
significant difference. Thus, the measurement of “colds stopped” is so diluted that 
clinically or statistically one can attach little or no importance to the “stopped” 
category. 

Progress of Symptoms.—The following comments apply to the returns from 
the “Improved” and “Disappeared” columns (Form 2) combined. 

(a) “Stuffy Head.” A-B: On the first day A brought relief in 11% more 
cases than B. The difference is statistically significant. Clinically one would not 
look with enthusiasm on this result. No significant differences were shown on 
other days. 


A-C: No significant difference was demonstrated except on the second day, 
when A was slightly more effective. 


A-D: No significant difference was found. 

(b) Sneezing. A-B: On the first day A brought relief in 8% more cases than 
B. It is conceivable that some clinical benefit might be obtained tn diminution of 
transmission in a group of workers. This, however, is subject to so many variables 
that the ultimate value is dubious. No significant differences were shown on other 
days. 

A-C: No significant difference was found except on the second day, when A 
was slightly more effective. 


“oe 

é +g 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


A-D: A was 11% more effective on the first day, but not more effective on 
other days. Again one would be dubious about the ultimate clinical and preventive 
efficacy. 

(c) Running Nose. A-B: No significant difference was found. 

A-C: No significant difference was found. 

A-D: There is a significant difference, 11%, on the first day and another, 9%. 
on the second day, but none on the third day. 

In regard to this symptom, where one might look for an effective atropine-like 
effect, no important clinical results were reported. 

With respect to other symptoms analyzed, there were no significant statistical 
or clinical differences except in a few isolated instances to which no importance 
can be attached. 

It is also interesting to note that D had no significant effect on symptoms which 


one might expect to be relieved by such a preparation, viz., headache, muscular 
aches and pains, chilliness. 


TaBLe 3.—Reason for Revisit 


Compliea- 
tions of 
Upper 
Respira- Reasons 
Improved, tory Tract Reactions Unrelieved Other Not 

Type of TotalNo. Not Cured Infection to Rx Symptoms Reasons Stated 
Tablet of Cases % % % Ge % % 
184 5 9 8 41 
128 2 2 63 
172 a 46 
160 5 43 


In connection with symptoms, further study was made to determine the per- 
centage of cases in which all symptoms were reported to have disappeared at the 
end of three days. The results were as follows: With A, all symptoms had dis- 
appeared at the end of three days in 22% ; with B, in 18% ; with C, in 20% ; with 
D, in 19%. The only significant difference is that between A and B. While the 
differences agree reasonably well with the differences of the percentages of “colds 
stopped” in Table 1, it is interesting to note the discrepancy in actual size of the 
percentages. The percentages given here are considerably smaller than the per- 
centages of colds stopped on the third day in Table 1. This discrepancy would be 
larger if we considered the fact that the third-day figures in Table 1 are not truly 
cumulative, while those given above are. It follows that either some patients con- 
sidered their colds stopped despite the persistence of some symptoms, or there was 
considerable inconsistency in their responses. 


| 


Further Analyses—The data were also analyzed by (1) number of colds per 
year, (2) other medication taken, (3) sex, (4) age, (5) month of cold, (6) history 
of hay fever, (7) history of hives or asthma, and (8) temperature of patient. None 
of these analyses produced any noteworthy result except for a slight tendency for 
A and C to be more effective with males than with females. 


Analysis of Data from Questionnaire 3—In each medicinal category 22.5%, 
21%, 23.2%, and 24.5%, respectively, returned for reasons set forth in Table 3. 
The reaction rates are of some interest. In view of the fact that we are dealing 
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here with one-fifth to one-fourth of the total patients in each group, the reaction 
rates are not important. The antihistamine compares not unfavorably with the 
traditional palliative with respect to reaction incidence. 

Table 4 was intended to be an objective appraisal of these cases, as opposed to 
the subjective response tabulated in Table 3. While the reaction rates are probably 
valid objective appraisals, the “improved” and “no results” appraisals are in effect 
the subjective response of the physician or the nurse to the subjective report of the 
patient. Therefore we attach little or no importance to these figures. 


SUMMARY 
A study of therapeutic results in 2,865 cases of common cold is presented. The 
following medications were utilized: 
A. Antihistamine 
B. Placebo 
C. Antihistamine plus acetylsalicylic acid, acetophenetidin, and caffeine 
D. Acetylsalicylic acid, acetophenetidin, and caffeine 


Reaction 
Type of Total No. Improved No Results to Rx 
Tablet of Cases % % ; 
44 
128 2 
172 34 
160 


Over-All Results: The incidence of subjective relief produced on the first day 
by both A and C medication was approximately 10% higher than that produced by 
B (placebo) medication and approximately 6% higher than that produced by D. 
The advantage of the antihistamine decreased with the passage of time and became 
negligible on the third day. 

Absenteeism: There was no significant difference in effect on absenteeism 
between any of the medications, nor was there any decrease in absenteeism as 
opposed to other years. 

Relationship Between Time of Administration After Onset and Ultimate Course 
of Cold: The effect of medication on those taking it within one to three hours after 
onset of symptoms was compared with the effect on those taking it later. The 
comparison showed that early administration was little more important for the 
antihistamines than it was for the other medications, and of no clinical importance 
in any category. 

Analyses relating the four categories of medication to number of colds, age, 
other medication taken, sex, month of cold, temperature of patient, history of hay 
fever, hives, or asthma produced no important results. 

The acetylsalicylic acid-acetophenetidin-caffeine combination had no effect on 
those cold symptoms which might be expected empirically to benefit from such a 
formula. 


Reactions from the antihistamine were unimportant in incidence or manifes- 
tation. 
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CONCLUSIONS 


The total number of cases of common cold in which the patient experienced 
some relief from the antihistamine on the first day exceeded by approximately 10% 
the total number in which the patient derived relief from inert placebos. While this 
difference is statistically significant, the degree of relief afforded relatively few 
patients does not warrant general clinical application of antihistamine medication 
in the palliation of colds. 

The phenindamine-acetylsalicylic acid-acetophenetidin-caffeine compound was. 
no more effective than antihistamine alone. 


The acetylsalicylic acid-acetophenetidin-caffeine compound as used produced 
palliation no greater than a placebo in the symptom complex under study. 
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ARSINE: ELECTROCARDIOGRAPHIC CHANGES PRODUCED IN 
ACUTE HUMAN POISONING 


CARL J. JOSEPHSON, M.D. 


SHERMAN S. PINTO, M.D. 
DENVER 
AND 
SAMUEL J. PETRONELLA, M.D. 
EAST CHICAGO, IND. 


N A PREVIOUS report' the clinical findings in 13 cases of acute arsine 

poisoning were described. Electrocardiographic changes in association with 
arsine poisoning were described briefly for the first time, and this paper gives in 
detail a description of those variations. Possible factors involved in these changes 
are also discussed. 

The arsine resulted from the action of moisture on a dross produced during 
the purification of lead. Presumably the arsine was produced by the specific reaction 
of moisture and aluminum arsenide,’ although another mechanism may have been 


involved.* It has been well established that arsine was the only gas involved, and 


this paper is presented on that basis—stibine, phosphine and hydrogen sulfide have 
been eliminated from consideration. 


ELECTROCARDIOGRAPHIC CHANGES 


Electrocardiograms were obtained on 10 of the 13 persons exposed to arsine 
gas including two who subsequently died. Two of the patients died before electro- 
cardiographic studies could be made. The first tracing in each instance was taken 
36 to 48 hr. after exposure, and follow-up tracings were taken at daily and then 
weekly intervals for months. Several cases were followed electrocardiographically 
for 18 mo. Unfortunately, there were no preexposure electrocardiograms for com- 
parative purposes; as a substitute, the tracings taken weeks or months after the 
acute phase, when the men were free of any clinical symptoms and had returned 
to work, were used. 

As one analyzes these 93 electrocardiograms from a statistical viewpoint, one 
is impressed with the almost complete unity of pattern, characterized chiefly by 
high-peaked T waves; this is particularly true in regard to the precordial leads, 
especially over station II (CF,), less so over 1V (CF,) and least of all over station 


1. Pinto, S. S.; Petronella, S. J.; Johns, D. F., and Arnold, M. F.: Arsine Poisoning: 
A Study of 13 Cases, Arch. Indust. Hyg. 1:437-451 (April) 1950. 


2. Spolyar, L. W., and Harger, R. N.: Arsine Poisoning, Arch. Indust. Hyg. 1:419-436 
(April) 1950. 


3. Morse, K. M., and Setterlind, A. N.: Arsine Poisoning in the Smelting and Refining: 
Industry, Arch. Indust. Hyg. 2: 148-169 (Aug.) 1950. 
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VI (CF,). The T waves in the limb leads likewise shared the increased elevation 
but to a less degree. The time relationship is interesting: Seven of the 10 
examined electrographically showed the greatest changes occurring from 48 to 96 
hr. after exposure. The remaining three showed the greatest T-wave elevation 5, 
7 and 12 days after exposure. The “maximum change” represented an elevation of 
T wave in CF, or CF, to 11 mm. or more, the highest being 22.5 mm., and this 
degree of change was noted in eight of the 10 for whom tracings were made. 

In Table 1 is shown the day after exposure on which CF, or CF, reached its 
maximum height, as well as the severity of the patient’s sickness as judged from 
clinical appearance. From this table it is seen that the T wave elevation reached 
a maximum height in CF, and CF, on the same day in eight of 10 cases. There 
is no correlation between severity of sickness and height of T-wave elevation. 
Neither does severity of exposure seem to have played an important role in deter- 


mining the time after exposure when the most pronounced T-wave change was 
noted. 


TaBLe 1.—Maxrimum T-Wave Elevation in CF2 and CF,; Days After Exposure 
When Maximum Change Appeared 


CFe CF, 

Days After Days After 
Patient * Height,Mm. Exposure Height,Mm. Exposure Comment 

3 +6 3 +5 3 Tned 4 days after exposure 

6 +75 2 +105 
9 +13 3 +l 
10 +18 2 +4 
ll +16.5 3 +11 


* Patients are arranged in order of severity of sickness as judged clinically. 


In no instance was there present a departure from a basic sinus rhythm. Like- 
wise, there was no delay (over 0.20 sec.) in auriculoventricular conduction times, 
although there was some fluctuation in an individual series. Also, the intraventric- 
ular conduction time in no instance exceeded 0.12 sec., but here, too, there was 
some variation within a series. The longer conduction times, both auriculoventri- 
cular and intraventricular, were recorded from the second to the third day, 
coinciding with the severity of the illness. Premature contractions were conspicuous 
by their absence. ST-segment deviation was not considered abnormal if it was 1 
mm. or less in the limb leads and 2 mm. or less in the precordial leads. In only one 
instance was there increased ST elevation (+1.5 mm.) in limb leads II and III, 
and this had returned to the isoelectric level the following day. Not infrequently 
(seven of 10) the ST segment had an elevated “take off” in the precordial leads. 
This occurred most commonly in CF,, least frequently in CF,. The greatest 
deviation was 6 mm. in CF, 36 to 48 hr. after exposure. This returned to normal 
in 96 hr. after exposure. A current of injury to the myocardium can produce this 
abnormality, and in view of the myocardial changes noted at postmortem examina- 
tion in the two cases coming to autopsy this seems the most likely explanation. 
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ILLUSTRATIVE CASES 


Patient 7—A Negro man, 26, worked on the 5:30 p.m.-to-midnight shift on Jan. 5, 1949. 
During the first three hours of this work he was exposed to arsine but had no complaints. On 
January 6 he reported for work but because of his known arsine exposure was examined by a 
physician. Gross hemoglobinuria was found, and the patient was hospitalized for further observa- 
tion and treatment. In the hospital he was found to have a red cell count of 3,600,000 per 
cu. mm., with hemoglobin 57%. The urine showed albumin (4 +), and there was gross hemo- 
globinuria. During the first three hospital days the patient was given five transfusions of 500 cc. 
of whole blood each. Dimercaprol therapy was started, and a total of 52.6 cc. of dimercaprol 
injection U. S. P. was given over a period of three days. On Jan. 9, 1949, the hemoglobinuria 
stopped abruptly and no more transfusions were necessary to maintain the red blood cell count 


Fig. 1.—Electrocardiograms of Patient 7. First: Jan. 8, 1949—72 hr. after exposure. Second : 
Feb. 15, 1949—five weeks after exposure. Note the normal auriculoventricular and intra- 
ventricular conduction times, as well as the peaked T waves in the 72-hr. electrocardiogram. 


above 3,500,000. The albuminuria rapidly diminished, and no more albumin was found in the 
urine after January 13. Leukocytosis (white cell count, 16,000) developed on January 11 (six 
days after arsine exposure), and was not accompanied by an elevation of temperature. This 
delayed leukocytosis occurred in other cases, and its cause is not understood. He returned to 
work on March 10 and has had no work impairment. Electrocardiograms taken approximately 
72 hr. and 5 weeks after exposure showed the following abnormalities. Seventy-two hours 
after exposure (Jan. 8, 1949) conduction times were normal. T waves in CF: were + 17 mm.; 
those in CF,, + 15 mm. Five weeks after exposure (Feb. 15, 1949) conduction times were all 
normal. T waves in CF: were +9 mm.; those in CF,, +7 mm. Cardiograms of these two 
dates are shown in Figure 1. 

Patient 13.—A Negro man, 31, was exposed to arsine on Jan. 5, 1949. He had no com- 
plaints and worked the entire day of January 6. He was examined on this same day by a 
physician, who was looking for the slightest abnormality which might be attributed to arsine. 
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On January 7, the man came to work and when examined again by the physician complained of 
vague abdominal discomfort. Because of this mild, vague complaint, he was hospitalized for 
observation. In the hospital he had a red blood cell count of 4,300,000 and a white cell count 
of 12,900, and his hemoglobin was 79%. The hematocrit reading was 44%. No abnormality was 
noted in the urinalysis. No therapy was indicated, and he received no dimercaprol and no 
blood transfusions. The significant electrocardiographic findings during hospitalization were 
elevation of T wave in CF: from 8.5 to 17 mm., the peak being reached on the seventh day after 
exposure. In lead CF, the T waves reached a peak of 12 mm. on the third day after exposure, 
then gradually became shorter until a height of 5 mm. was noted three months later. These 
characteristic electrocardiograms are shown in Figure 2. The patient was kept in the hospital 
for a period of 27 days. 


Fig. 2.—Representative electrocardiograms of Patient 13, who had no hemoglobinuria and 
received no dimercaprol therapy. First: Jan. 8, 1949—third day after exposure. Second: Jan. 12, 
1949—seventh day after exposure. Third: March 15, 1949—three months after exposure. 


Patient 5.—The electrocardiographic changes noted in this patient were entirely different 
from those noted in all the other patients. Because no electrocardiographic records were made 
in his case prior to his arsine exposure, we are uncertain as to what condition may have been 
present previously. 

This 27-yr.-old Negro worked on the 9 a. m.-to-4:30 p. m. shift on Jan. 5, 1949, during 
which time he was exposed to arsine. He had no complaints and came to work again on January 
6. Before starting work he was examined by a physician, and gross hemoglobinuria was found. 
He was sent to the hospital, where a red blood cell count of 3,600,000 and 71% hemoglobin 
were noted. The hematocrit reading was 36%. The white blood cell count was 13,100, and 
the temperature was 99.2 F. Because of the gross hemoglobinuria, transfusions were started, 
and in the next three days seven 500-cc. transfusions were given. On January 9 the hemo- 
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globinuria abruptly ceased and the red blood cell count stayed above 4 million. That his 
kidneys were damaged was evident, since his nonprotein nitrogen was 65 mg. per 100 cc, on 
January 8, and remained near that level until January 17. It then declined and stayed in the 
normal range. This man gave the clinical impression of full recovery after his hemoglobinuria 
stopped, but the electrocardiographic changes were persistent. The tracings on this man are 
characterized chiefly by nonconformity with the pattern in the other nine cases. Periodic tracings 
were taken over a period of 18 mo. Within the first 72 hr. after exposure he showed a late 
inversion of T waves in all six leads. Since then, Ti, Tz and Ts have been intermittently 
positive and negative. T; and T, have always (with one lone exception, 12 days after exposure, 
when they were upright) been inverted, and as time goes on they are less so. These changes 
are shown in the serial cardiograms of Figure 3. 


Fig. 3—Electrocardiograms of Patient 5. First: Jan. 8, 1949—three days after exposure. 
Second: March 3, 1949—two months after exposure. Third: May 10, 1949—five months after 
exposure. Fourth: July 8, 1949—seven months after exposure. 


The cause of these changes is speculative. They may be due either to myocardial changes 
occurring immediately beneath the pericardium or to myocardial damage extending to the 
pericardium with resultant pericarditis which has assumed a chronic pattern. Although no acute 
pericardial change (friction rub) was noted clinically, the transient character of such a sign 
may account for its lack. 

Figure 4 shows characteristic electrocardiographic changes in several other patients who had 
been exposed to arsine. 

PATHOLOGICAL PHYSIOLOGY 


Arsine readily passes through the alveoli of the lungs into the blood. It is not 
an especially irritant gas and causes no irritation of the respiratory tract. In 
industry the odor is not noticeable, and no dependence for warning should be 
placed on the common statement that arsine has a characteristic garliclike odor. 
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The mechanism of arsine action in the body is still unexplained in many aspects. 
Thauer * and Cameron and associates * felt that the only factors recognized as 
contributing to the lethal qualities of arsine are poisoning by arsenic compounds 
released from hemolyzed erythrocytes, hemoglobin blockage of renal tubules and 
decrease of the oxygen-carrying capacity of the blood. In other words, they postu- 
lated that all effects of arsine were secondary to the reaction of arsine and the red 
blood corpuscles. Levvy ° in well-controlled experiments on rabbits showed that 
the factor of arsine’s direct action on body cells must be considered. He shows 
that the solubility of arsine is high in plasma and that since the total circulation 
time in man is about 25 sec., some arsine can be carried in solution directly to the 


Fig. 4.—Electrocardiograms of several patients acutely poisoned by arsine. First: Patient 6, 
Jan. 7, 1949—two days after exposure. Second: Patient 8, Jan. 10, 1949—five days after 
exposure. Third: Patient 10, Jan. 7, 1949—two days after exposure. Fourth: Patient 11, Jan. 8, 
1949—three days after exposure. 


organs, particularly when arsine is inhaled in high concentrations. Consequently, 
part of the action of arsine may be due to unchanged gas reaching vital organs in 
physical solution by way of the blood plasma. He stated that “in certain organs 


4. Thauer, R.: Zur Analyse der Arsenwasserstoffvergiftung, 176:531, 1934; cited by 
Levvy, G. A., Quart. J. Exper. Physiol. 34:47-67, 1947. 

5. Cameron, G. R.; Carlton, H. M.; Gaddum, J. H.; Lovatt Evans, C., and McClurkin, 
T.: Porton Report 129, 1939; cited by Levvy, G. A., Quart. J. Exper. Physiol. 34:47-67, 1947. 

6. Levvy, G. A.: A Study of Arsine Poisoning, Quart. J. Exper. Physiol. 34:47-67, 1947. 
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arsine might be expected to produce an effect as characteristic as that seen in blood, 
thus in part explaining its (arsine’s) potentially high toxicity.” Analyses of organs 
from rabbits which died of acute arsine exposure were made after removing blood 
from the organs before hemolysis took place. Thus, the arsenic left in the organs 
was thought to have come from plasma—dissolved arsine affixing itself directly to 
tissue cells. We feel such a mechanism may account in part for the pathological 
changes observed in two of our patients who died, and may partially explain the 
mechanism of death. 

Hemolysis may continue for several days, with certain sequelae as a result. 
Anemia will be produced, and the extent of the anemia is roughly proportional to 
the amount of arsine inhaled.’ The liberated hemoglobin will be eliminated through 
the kidneys and will produce lower-nephron nephrosis if there is enough material 
to cause chemical irritation of the kidneys.* Transient jaundice may develop,’ and 
bile may be present in the urine. It is thought arsine is released from hemolyzed 
red cells in the form of an arsenite,° and the toxicity of this material must not be 
underestimated. 


TABLE 2.—Arsenic Contents of Tissues from Two Persons Whose Deaths Were Due to 
Arsine Poisoning * 


Tissue Patient 1 Patient 4 
0.28; 0.32 
O17 
0.90 
0.33; 
17.01; 16.50 2.68; 2 


* The arsenic contents are expressed as milligrams of arsenic per 100 gm. of dried tissue. 


There was a total of 13 patients in this series who were hospitalized for arsine 
poisoning. Four of them died, and autopsies were performed on two of these. 
Tissues from the two autopsies contained appreciable amounts of arsenic, and 
Table 2 gives the amount of arsenic in the heart muscle, as well as the amounts in 
some other representative tissues. The arsenic content is calculated as milligrams 
of arsenic per 100 gm. of dried tissue, all tissue having been dried to constant 
weight at 100 C. before being analyzed. Patient 1 in Table 2 died 12 hr. after 
arsine exposure ; Patient 4, 4% days after exposure. When in Table 2 two figures 
are given for arsenic content of tissue, it means that two separate pieces of tissue 
were analyzed and not that duplicate determinations were run on the same piece 
of tissue. 

Another possible result of excessive acute intravascular hemolysis is an increase 
of serum potassium. Hyperpotassemia as a complication responsible for the electro- 


7. Seeler, A. O.: Toxicological Review of Arsine, New York, American Petroleum Insti- 
tute, 1949, 

8. Strauss, M. B.: Acute Renal Insufficiency Due to Lower Nephron Nephrosis, New 
England J. Med. 239:693-700, 1948. 

9. Jones, N. W.: Arseniuretted Hydrogen Poisoning, J. A. M. A. 48:1099-1105 (March 30) 
1907. Nau, C. A.; Anderson, W., and Cone, R. E.: Arsine, Stibine and Hydrogen Sulfide, 
Indust. Med. 13:308-310, 1944. Bomford, R. R., and Hunter, D.: Arseniuretted Hydrogen 
Poisoning, Lancet 2: 1446-1449, 1932. 
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cardiographic changes must be considered,’® and the facts both for and against 
such a theory are presented below. 


CAUSE OF ELECTROCARDIOGRAPHIC CHANGES 


Analysis under controlled laboratory conditions showed that only arsine was 
generated when moisture reacted with the dry dross.* Tissue sections from two 
autopsies in this series of cases were examined spectrographically, and arsenic was 
found in large amounts. 

Antimony, which was initially considered as a possible poisoning agent, was 
proved to be absent.’ 

Three other factors must be considered as possibly having been responsible for 
the electrocardiographic changes. They are (1) transfusions, (2) hyperpotassemia, 
and (3) dimercaprol therapy. The hyperpotassemia, if present, would have come 
from hemolysis of the patients’ own erythrocytes or from the erythrocytes furnished 
by transfusions. If hyperpotassemia occurred when erythrocytes were hemolyzed, 
then hemoglobinuria should be an indication of possible hyperpotassemia, and 


TaBLe 3.—Relationship of Factors Considered in Causation of Electrocardiographic Changes 


Hemoglobinuria Transfusions Dimercaprol 


+ 
+ 
+ 

0 
0 

0 


conversely if no hemoglobinuria was noted, it is felt no hyperpotassemia existed. 
Serum potassium determinations were not done in these cases. It so happens that 
these three variables can be studied in varying combination in this series of cases, 
and by logical reasoning the effect of each can be evaluated. Table 3 shows the 
relationship of these variables. 

Russell, Green and Wand " stated that serum potassium levels are not appre- 
ciably affected by the injection of dimercaprol, and we do not feel that this com- 
pound produced hyperpotassemia. 

One patient had none of the three variables mentioned, two had only one 
variable, two had two variables, and six had all three. Thus, the effect of each 
variable on the electrocardiogram can be determined. It is significant that all 
patients showed essentially the same electrocardiographic changes, and all patients 
had only one factor in common: exposure to arsine. Exposure to arsenic in some 
form was proved by increased urinary excretion of arsenic in all these cases. 
Therefore, we conclude that the electrocardiographic changes in these cases are 
likely due to arsine per se and not to hyperpotassemia nor to therapy. 

10. Hoffman, W. S.: Clinical Physiology of Potassium, J. A. M. A. 144:1157-1162 (Dec. 2) 
1950. 


11. Russell, B.; Green, B., and Wand, L. G. R.: Latent Tetany Caused by BAL (2, 3- 
Dimercaptopropanol), Lancet 2:169, 1949. 
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AUTOPSY OBSERVATIONS 


Dr. Jean Pilot performed autopsies on the two men who died from arsine 
poisoning, and his report of the microscopic examination of the heart in each case 
is given below: 


Patient 1.—“On microscopic examination the myocardial fibers are markedly fragmented. 
Perinuclear pigment accumulations are prominent. Striations are partially obscured by fragmen- 
tations. No infiltrations are noted.” 

The anatomic diagnosis was given as “(1) pulmonary edema, marked; (2) dilatation of the 
heart; (3) marked hemolysis of blood; (4) hemoglobin staining of all tissues, brain excepted ; 
(5) bilateral hemohydrothorax ; (6) adenocarcinoma of prostate.” 


Patient 4.—‘“Microscopically the myocardial fibers are distinctly separated by prominent 
spaces representing myocardial edema. Fiber fragmentation is marked, with multiple foci of 
dissolution of the fibers. The spaces produced by the degeneration of the fibers are filled with 
a thin reticulum of fibrin. The nuclei of the existing fibers vary in size. Cellular infiltration, 
though present, is minimal.” 

The anatomic diagnosis was reported as “(1) myocardial degeneration and cardiac failure ; 
(2) pulmonary edema; (3) renal insufficiency (clinical); (4) bilateral hydrothorax (moderate) ; 
(5) parenchymatous degeneration of the liver.” 


CAUSE OF DEATH 


Four patients died from arsine exposure, and in each case the death clinically 
was due to acute myocardial failure. Their deaths occurred, respectively, 12 hours, 
40 hours, 4 days and 4% days after exposure. The patient who lived 4% days 
had anuria for three days, but shortly before death his blood nonprotein nitrogen 
was only 104 mg. per 100 cc. His death is not considered as having been due to 


uremia. The pathologic diagnosis, made after a study of tissue sections in the two 
cases, attributed death to myocardial degeneration and cardiac failure. We have 
postulated two mechanisms by which arsine might produce myocardial degenera- 
tion, (1) direct arsine action on the cardiac musculature, arsine having reached the 
heart muscle by entering into solution in blood plasma, and (2) action of arsine 
metabolites (possibly arsenites) formed from the reaction of arsine in hemolyzing 
red cells.’ We do not believe there was enough anemia to have caused any 
myocardial damage. 
COMMENT 


That acute hyperpotassemia caused the electrocardiographic changes is possible 
but not too probable. Hoffman,'® Wener and co-workers,’* and Keith and 
Burchell ** have described the principal electrocardiographic changes due to hyper- 
potassemia as (1) increasing height and narrowing of the base of T waves and 
(2) broadening of the QRS complex. These cases of arsine poisoning show neither 
the narrowing of the base of the T waves nor the broadening of the QRS complex. 
The conduction changes (prolonged intraventricular conduction times) which are 
usually associated with potassium intoxication are lacking. Moreover, Case 13, in 
which there was no hemolysis (i. e., no hemoglobinuria) and therefore no great 
amount of potassium liberated from hemolyzed red cells, fits well in the electro- 
cardiogram pattern described. 


12. Wener, J.; Stansfield, H.; Hoff, H. E., and Winter, H. A.: Potassium Auto-Intoxica- 
tion from Hemolysis of Red Cells, Am. Heart J. 37:881-891, 1949. 

13. Keith, N. M., and Burchell, H. B.: Clinical Intoxication with Potassium: Its Occurrence 
in Severe Renal Insufficiency, Am. J. M. Sc. 217:1-12, 1949. 
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In Case 5, described above, there were inversion of the T waves and persistent i 
evidence of myocardial damage unlike that shown in the other cases. In the absence 
of electrocardiographic records prior to arsine exposure, we cannot explain why 
this case differs so from the others. There is a good possibility that the arsine 
intoxication was superimposed on a preexisting pathological condition and that as a 
result the electrocardiograms in this case are not the record of arsine activity alone. 


SUMMARY AND CONCLUSIONS 


The electrocardiographic changes produced in humans by arsine poisoning 
seem to offer the most sensitive means of diagnosis so far discovered. ) 

The characteristic electrocardiographic changes observed in arsine poisoning 
are elevation of T waves in all leads but most dramatically over Station II (CF,) i 
or IV (CF,) to a height of 11 mm. or more in from two to 12 days after the arsine | 
exposure, and the presence of normal conduction times. ) 

The four deaths that occurred after arsine poisoning were due clinically to rapid ' 
myocardial failure. 

Pathologic examination in two fatal cases showed that myocardial degeneration 
had occurred. The possible mechanisms of this heart failure are discussed. 
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TOXICITY OF CARBON MONOXIDE AND HYDROGEN 
CYANIDE GAS MIXTURES 


A Preliminary Report 


R. H. MOSS 
Cc. F. JACKSON 
AND 


J. SEIBERLICH 
DURHAM, N. H. 


FOREWORD 


N JUNE, 1943, a thesis entitled “The Pyrolysis of Urea” was submitted to the 
University of New Hampshire by Dexter S. Holton.’ Experiments reported in 
Holton’s thesis indicated that cyanuric acid is liberated in the pyrolysis of urea and 
some heterocyclic compounds derived from urea. This fact suggested further pyroly- 
sis experiments using melamine and melamine formaldehyde. 

Experiments showed that pyrolysis of such compounds liberated substantial 
quantities of hydrogen cyanide. It thus appeared interesting to expand the investi- 
gations to include other similar compounds which might be expected to liberate 
hydrogen cyanide. 

The first section of this report, dealing with the pyrolysis of some heterocyclic 
compounds, discusses both analytical and experimental procedures. 

The fact that some heterocyclic compounds liberate hydrogen cyanide leads 
naturally to the question “How toxic are the liberated gases?” The second section 
of this report discusses technical and experimental phases of the determination 
of the toxicity of the gases produced. 

The last section of this report discusses the manner in which white female rats 
react to hydrogen cyanide, carbon monoxide, and mixtures of these two gases. 


I 
PYROLYSIS OF SOME HETEROCYCLIC COMPOUNDS 
ANALYTICAL PROCEDURE 


Many of the known procedures for the determination of hydrogen cyanide were 
examined * before it was decided to use the method outlined by Liebig.* 


From the University of New Hampshire. 

Research Assistant, Engineering Experiment Station (R. H. Moss); Director, Biological 
Institute (C. F. Jackson), Research Associate Professor, Engineering Experiment Station 
(J. Seiberlich). 

1. Holton, D. S.: The Pyrolysis of Urea, Thesis, University of New Hampshire, 1943. 

2. Cupples, H. L.: Determination of Hydrocyanic Acid in Air and in Air-Carbon Dioxide 
Mixtures, Indust. & Engin. Chem. 5:50-52, 1933. Gales, Nathan and Pensa: Quantitative 
Determination of Small Amounts of Hydrocyanic Acid, ibid. 5:80-81, 1933. Griffin: Technical 
Methods of Analysis, New York, McGraw Hill Book Company, Inc., 1927. 


(Footnotes continued on next page) 
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In Liebig’s method hydrogen cyanide is absorbed in an approximately 5% sodium hydroxide 
solution, and enough of the solution is used so that if all nitrogen in the compound were con- 
verted to the cyanide, it would all be absorbed. This solution is diluted to 500 cc., and aliquots 
are titrated with a 0.05-normal silver nitrate solution, potassium iodide being used as the end- 
point indicator. The titration is carried out until the first appearance of permanent turbidity of 
silver iodide is reached. The amount of hydrogen cyanide present is calculated from the volume 
of the solution titrated and the amount of silver nitrate used. 


Molecular weight HCN a 
Nacw (gm. NaCN/cc. AgNOs) x (cc. AgNOs) = gm. HCN 


Methods for the analysis of carbon monoxide were also examined, and it was 
decided that the best one for this application was the one in which the gas is 
absorbed in a hydrochloric acid-cuprous chloride solution.* The difference between 
the gas volume prior to, and that following, absorption of the carbon monoxide 
permits calculation of the actual amount of gas liberated in the pyrolysis. 

The percentage of carbon monoxide, multiplied by the total gas volume divided 


by the density of carbon monoxide, equals the total carbon monoxide liberated in 
the pyrolysis.® 


eas weter tua onf a, sof ASPIRATOR BOTTLES 


_ Fig. 1—Diagrammatic representation of the apparatus used in the pyrolysis of the materials 
investigated. 


EXPERIMENTAL PROCEDURE 


The apparatus used in the pyrolysis of the materials under investigation is shown diagram- 
matically in Figure 1. The gas meter was used to measure the amount of air passing through 
the quartz flask which was used as the pyrolysis chamber. The gas-washing bottles before the i 
pyrolysis chamber were to remove the carbon dioxide from the air and also to protect the gas : 
meter in the event that some of the hydrogen cyanide were to be blown backward in the train 
because of extreme pressure during ignition. Following the pyrolysis chamber were two gas- 
washing bottles containing sodium hydroxide for the absorption of the hydrogen cyanide (the 
second bottle was present to make certain that all of the hydrogen cyanide was absorbed). The 


Hannay, J. B.: A New Process for the Volumetric Estimation of Cyanides, J. Chem. Soc. 
33(Pt.1):245, 1878. Kolthoff and Fairman: Volumetric Analysis, New York, John Wiley 
& Sons, Inc., 1929, Vol. 2. Kolthoff and Sandell: Textbook of Quantitative Inorganic Analysis, 
New York, The Macmillan Company, 1938. Sutton, F.: Volumetric Analysis, ed. 11, Philadel- 


phia, P. Blakiston’s Son & Co., 1924. Treadwell and Hall: Analytical Chemistry, ed. 9, New 
York, John Wiley & Sons, Inc., 1942, Vol. 2. | 


3. Liebig, quoted by Wiley, H. W.: Agricultural Analysis, Easton, Pa., The Chemical \ 
Publishing Company, Inc., 1931, Vol. 2, p. 543. " 


4. Engelder, C. J.: Gas, Oil and Fuel Analysis, New York, 1931, pp. 11-12. i 


5. International Critical Tables, New York, McGraw Hill Book Company, Inc., 1928, 
Vol. 3, p. 3. 
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third bottle in the train was to absorb any alkaline gases liberated. It contained a known amount 
of 0.1-normal sulfuric acid which could be titrated back with a standard alkali solution to 
determine the amount of alkaline gases. The train was connected to an aspirator bottle in which 
the gases were collected. The contents of the bottle were then analyzed for carbon monoxide. 

The temperature in the pyrolysis chamber was measured by a chromel-alumel thermocouple 
and a potentiometer; the temperatures were recorded at specific times during the pyrolysis. 
The original weight of the material being pyrolyzed and the final weight of the ash, as well as 
the original and final volumes from the meter, were recorded. The sodium hydroxide solution 
in which the hydrogen cyanide had been absorbed was filtered to remove suspended tars and 
other insoluble products of the pyrolysis, and diluted to 500 cc. The cyanide content was deter- 
mined by the titration of 50-cc. aliquots. 

The acid solution was titrated with sodium hydroxide of known concentration, phenolphtha- 
lein being used as an indicator, to determine the amount used in the neutralization of alkaline 


Tasie 1.—Pyrolysis Data (Temp. 500-550 C.) 


Percentage Percentage 
HCN Cal. CO Cal. Total 


Time, Pereentage Wt. HCN, on Weight Wt.CO, on Weight Air Vol. 
Material Pyrolyzed Min. Burned Gm. Burned Gm. Burned Used, L. 
Glass-cloth laminate, melamine 
formaldehyde ...........seeeeee 7 26.1 0.39 12.47 0.1317 4.15 189 
7 24.6 0.408 13.44 0.1225 4.04 3.4 
7 23,7 0.394 14.30 0.1550 5.62 75 
10 26.5 0.5062 16.00 0.2250 6.42 73 
7 21.0 0.265 10.31 0.2650 10.35 34 
8 29.8 0.235 11.44 0.0907 4.30 19.7 
Melamine formaldehyde (clay)*.. 6 42.2 0.455 7.60 0.3180 6.15 3.7 
7 42.6 0.546 7.30 0.3270 6.08 3.7 
7 49.6 OAST 5.30 0.2195 3.52 3.6 
7 46.2 0.270 11.03 0.1656 6.75 80 
8 4.6 0.200 8.23 0.1466 6.038 75 
9 O177 6.75 0.146 5.88 19.2 
9 WS 0.145 548 0.1449 5.47 18.0 
a Note: Above tests conducted using 500-ml. pyrolysis flask; tests below, using 300-m). flask 
Melamine (clay)*........ 7 34.3 0.094 2.96 Not measurable 3.5 
= 7 28.95 0.085 1.76 Not measurable 4.0 
¢ 7 25.6 0.095 5.55 Not measurable 75 
6 271 0.152 5Al Not measurable 
i 7 31.3 0.097 3.4 Not measurable 19.0 
i 7 30.0 0.004 4.23 Not measurable 18.5 


Gelatin 7 43.9 0.081 277 0.1305 447 75 
7 43.8 0.077 3.02 0.1566 6.16 8.3 


Tetrazine 36.2 0.020 0.804 0.1392 6.13 80 


0.018 0.922 0.1473 7Al 77 


WOE 0.0079 0.195 0.1392 5.68 


85.5 0.0081 0.208 0.1850 7.40 76 


= 


sees 0.182 4.3 


* Fifty per cent of clay was added to slow reaction. 


gases produced in the pyrolysis. The gas collected in the aspirator was analyzed for oxygen by 
absorption in alkaline pyrogallol, and for carbon monoxide by absorption in hydrochloric acid- 
cuprous chloride solution. 

The gas meter was of the diaphragm type and the vacuum on the outlet side small; therefore, 
the gas volume measured may be considered to be at room temperature and pressure, thus 
eliminating the need for correction. The physical setup of the pyrolysis flask caused all the gas 
passing through the system to come in contact with the material treated, so that no correction 
for gas expansion at the reaction temperature need be considered. 


COMMENT ON RESULTS 


From an examination of the results reported in Table 1 it may be seen that 
the materials under consideration liberated various amounts of hydrogen cyanide 


and carbon monoxide, depending on the conditions of pyrolysis. The pyrolysis 
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temperature was constant in all cases, and the only variable allowed was that of 
total air volume used. It is evident from Table 1 that the maximum yield of hydro- i 
gen cyanide was produced at the total air volume of 7 to 8 1. In line with this, | 
the final series of experiments was carried out under this condition. 

One of the most sensitive of cyanide qualitative tests utilizes ammonium sulfide 
and ferric nitrate to give the thiocyanate test. This test was used in the case of 
wood yeast and gave negative results. 

Consideration of the results obtained shows definitely that a greater amount of 
hydrogen cyanide is liberated in the pyrolysis of melamine and melamine formalde- 
hyde than in that of any of the other materials tested.° 

Olsen, Ferguson, and Sheflan? discussed the effective concentrations of lethal 
gases produced in the pyrolysis and the burning of wool, silk, and other materials. 
The results obtained in our pyrolysis experiments indicate that the commercial 
application of the melamine materials would bear careful consideration. In a pam- 
phlet edited by the National Board of Fire Underwriters * mention is made of the 
inadequate information available on the subject of lethal gases produced on the 
pyrolysis of plastics. Since melamine finds some use in this application it might 
be wise for consideration to be given the results reported herein. 


CONCLUSIONS FROM PART I 

1. Melamine gives off hydrogen cyanide but no measurable amount of carbon 
monoxide. 

2. Melamine formaldehyde compounds give off more hydrogen cyanide than 
does melamine alone, and also give appreciable amounts of carbon monoxide. 

3. Air circulation of 7 to 8 1. during the pyrolysis gives the greatest yield of 
hydrogen cyanide. 
Il 
EXPERIMENTAL 


DEVELOPMENT OF 


GASSING PROCEDURE 


The literature on the toxicity of carbon monoxide is voluminous,’ but there are 
few references to combinations '’ of hydrogen cyanide and carbon monoxide. It 
is the object of this section of the report to discuss some experiments carried out 
and methods used in the preparation of the gas mixtures. I 


6. Toxicity and Flame Resistance of Thermosetting Plastics, R. I. 4134, United States 
Department of the Interior, Bureau of Mines, October, 1947. 

7. Olsen, J. C.; Ferguson, G. E., and Scheflan, L.: Gases from Thermal Decomposition ' 
of Common Combustible Materials, Indust. & Engin. Chem. 25( No. 6) :599-603, 1933. 

8. Fire Hazards of the Plastics Industry, Research Report No. 1, New York, The National 
Board of Fire Underwriters, 1946, 

9. Barton, L. V.: Toxicity of Ammonia, Chlorine, Hydrogen Cyanide, Hydrogen Sulfide, 
and Sulphur Dioxide Gases: IV. Seeds, Contributions from Boyce Thompson Institutes, 1939- 
1941, Vol. 2, p. 357. Gettler, A. O., and Baine, J. O.: Toxicology of Cyanide, Am. J. M. Sc. 
195:182-198, 1938. McCallan, S. E. A., and Weedon, F. R.: Toxicity of Ammonia, Chlorine, y 
Hydrogen Cyanide, Hydrogen Sulfide, and Sulphur Dioxide Gases: II. Fungi and Bacteria, 
Contributions from Boyce Thompson Institute 11:331, 1939-1941. Thornton, N. C., and Setter- 
strom, C.: Toxicity of Ammonia, Chlorine, Hydrogen Cyanide, Hydrogen Sulfide, and Sulphur " 
aioe Gases: III. Green Plants, Contributions from Boyce Thompson Institute 11:343, } 

90-1941. 


10. Hofer, R.: Action of Gas Mixtures: Increased Strength of Action, Arch. exper. Path. 
u. Pharmakol. 111:193-205, 1926. ‘ 
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EXPERIMENTAL PROCEDURE 


An examination of the literature reveals that there are many methods of prepa- 
ration of hydrogen cyanide,'' but they are generally too involved for use in this 
case; therefore experiments were carried out using sodium cyanide and/or potas- 
sium cyanide and an acid. 


A series of experiments was undertaken using a 20-I. bottle as an exposure chamber for 
white rats. A system shown in Figure 24 was set up to carry out the reaction between 
the cyanide and the acid. In these experiments the acid used was 10% hydrochloric acid and the 
amounts of cyanide were chosen to produce various concentrations of hydrogen cyanide. The 
cyanide was added in the form of a 1% solution, since the amounts used were very minute. As 
the apparent concentration of the hydrogen cyanide was increased to an appreciable value 
(400 ppm), with no obvious effect on the rat being tested, it appeared that the reaction was not 
giving the theoretical yield. This indicated that the rats were getting a much lower concentration 
of the gas than was intended. Further experiments, using the same reaction methods, were 


A 
Fig. 2.—A, diagrammatic representation of the system set up to carry out the reaction between 


the cyanides and the acids used. 8, diagrammatic sketch of another generator of hydrogen 
cyanide gas used. 


carried out with 10% solutions of sulfuric acid, oxalic acid, citric acid, nitric acid, and tartaric 
acid with exactly the same poor results. Other experiments were carried out, using crystalline 
cyanides of potassium, sodium, silver, and lead with the various acids, but the results again 
showed lower than theoretical yields of hydrogen cyanide. A check of the available literature 
then revealed several statements which bore out the results indicating low yields of hydrogen 
cyanide.1? 

A series of experiments was carried out in which a burette containing an acid solution was 
introduced into a cyanide solution. The burette containing the two solutions was then shaken 
to mix the solutions thoroughly and aid the reaction. In this generator the maximum amount 
of hydrogen cyanide produced in a 100-cc. burette was approximately 0.1 cc. A diagrammatic 
sketch of the apparatus used appears in Figure 22. 


11. Gatterman, L.: Synthesen aromatischer Aldehyde, Ann. Chem. Justus  Liebigs 
357:318, 1907. Gilman: in Organic Synthesis, New York, John Wiley & Sons, Inc., 1932, Vol. 1, 
p. 307. Wohler, F.: Uber das Cyan-Titanchloride, Ann. Chem. Justus Liebigs 73:219, 1850. 

12. Harker, G.: The Acid and Alkaline Decomposition of Potassium Cyanide with a Note 
on the Determination of Formic Acid in the Presence of Hydrocyanic Acid, J. Soc. Chem. 
Industry 40:183, 1921. Wade, J., and Panting, L. C.: Preparation of Dry Hydrogen Cyanide 
and Carbon Monoxide, J. Chem. Soc. 73:255, 1898. 
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Where hydrogen cyanide is used for fumigation purposes, the usual procedure is to use 
a great excess of both the acid and the cyanide. The gas evolved is present in so great an excess 
that the amount which is destroyed by the acid is negligible. In the experiments reported here, 
however, it was not feasible to use this method, because of the desirability of knowing the exact 
concentration and of keeping it low and under control in order to determine toxicity. It was 
decided to produce an excess of hydrogen cyanide and draw it off in a containing vessel. 
Measured quantities could then be introduced into the exposure chamber. An evacuated reaction 
flask into which the cyanide and the acid could be introduced was set up. The hydrogen cyanide 
produced in the resulting reaction was collected in a gas burette. After the exact amount of 
hydrogen cyanide per cubic centimeter was determined, the required amount could be introduced 
into the exposure chamber. Introduction of the gas was accomplished by means of a 500-cc. 
solution flask with a rubber stopper holding a dropping funnel and a stopcock to seal the top. 
A stopcock was attached to the sidearm. The apparatus used in producing gas by this method 
is diagrammatically shown in Figure 3.1% 


Fig. 3.—Diagrammatic representation of the apparatus used to produce gas which could be 
introduced into the exposure chamber in measured quantities. 


After the method of producing hydrogen cyanide gas within the exposure chamber had been 
discarded, it was necessary to provide a method for introducing the gas into the chamber so as 
to overcome difficulties which might arise from permitting diffusion alone to do the mixing. 
Introducing the gas at the top of the bottle used as the exposure chamber caused a time lag until 
the gas could diffuse to the bottom. Introducing the gas at the bottom of the exposure chamber 
caused a momentary excessive concentration there. Another difficulty encountered with this 
setup was that a straight tube to the top or the bottom could not be filled with the burette liquid, 
because it would leak into the bottle. Since the liquid was saturated with hydrogen cyanide, 
this might have some effect on the rat. Both of these problems were solved by introducing the 
gas through a bent capillary tube with the opening at the center of the bottle. This permitted 
the liquid to be forced directly into the tube to force the gas into the bottle and eliminated 
excessive concentration at the bottom. This manner of introducing the gas rapidly also reduced 
the time required for good dispersion. A diagram of the apparatus appears in Figure 4. 


13. Robbie, W. A., in Potter, V. R.: Methods in Medical Research, Chicago, The Year Book 
Publishers, Inc., 1948, Vol. 1, pp. 307-316. 
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Several experiments were carried out using a small rat chamber into which there was 
introduced a gas of definite concentration. Steady flow of this gas through the rat chamber was 
maintained by expanding a balloon previously placed in the gas bottle which forced the gas out 
of the bottle. A diagrammatic sketch of the apparatus appears in Figure 5. 

In carrying out the experiments with carbon monoxide, this gas was obtained from a tank of 
pure gas supplied by the Matheson Company of East Rutherford, N. J. In the case of the 
mixtures of carbon monoxide and hydrogen cyanide the former was obtained from the tank and 
the latter was produced in the manner previously outlined. 

The concentrations to which the rats were exposed in these experiments are expressed in 
parts per million, i. e. cubic centimeters of gas per million cubic centimeters of air. The concen- 
trations of hydrogen cyanide used varied from 5 ppm to 400 ppm. At these low concentrations 
the partial pressure exhibited by the gas is very small and therefore it may be considered to 
obey the ideal gas laws so far as density is concerned. Therefore, if one assumes an infinitely 
low pressure and corrects for temperature, the following calculation gives the density in 
milligrams per cubic centimeter : 


(27)gm. (273 C.) en 
(22,412) cc. (298 C.) 
Also, 1 mg. HCN = 0.926 cc. HCN. 


}s 1.104 « 10-* gm./cc. = 1.104 mg./cc. 


Fig. 4—Diagram of apparatus used for introducing gas into the exposure chamber. 


Using either of the above expressions one can calculate the weight of hydrogen cyanide 
necessary to give any concentrations in parts per million and, from the values obtained in the 
previously mentioned analysis of the gas, the volume to be added may be determined. It is 
recognized that a slight error is introduced here, due to air contamination of the hydrogen 
cyanide. 

In the experiments which were carried out as described in the foregoing account, the bottles 
used as the exposure chamber were of two different volumes. In one case a 50-1. bottle was 
used, and in the other case the volume was 20 1. Because of the effect of the hydrogen cyanide 
on rats seems to be a cumulative one, it was felt that there might be some effect due to the 
difference in volume of exposure chambers, although the same original concentration of gas 
was used. From a mathematical standpoint, if two rats were exposed to the same concentration 
of gas in identical chambers the change in concentration would be the same if it is assumed that 
the respiration rates and the lung capacities of the rats were the same. However, if the same 
two rats were exposed to the identical concentration of gas in two chambers of different volumes, 
the rate of change of concentration would be different. The larger-volume chamber would have 
higher concentration at all times after the first breath was taken. Under these conditions the 
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rat in the larger bottle would get a greater dose of the hydrogen cyanide in a given time. 
Therefore, the volume of the exposure chamber used in this type of experiment has some influ- 
ence on the actual dose administered. Several experiments were carried out along this line, 
using carbon monoxide. The results seemed to indicate that there is some fact to this assumption, 
although the effect is less than might be expected. This would lead one to believe that other 
facts also enter into the consideration at this point. 


CONCLUSIONS FROM PART II 


1. The wisdom of introducing hydrogen cyanide gas into the rat exposure cham- 
ber instead of generating it in the chamber has been confirmed. 


2. A 50-1. container appears to be sufficiently large to be used as an exposure 
chamber for rats. 
III 


TOXICITY OF HYDROGEN CYANIDE, CARBON MONOXIDE, AND MIXTURES THEREOF 
Forty-one experiments were carried out administering hydrogen cyanide gas 


carbon monoxide, and mixtures of these gases to adult female albino rats. The 


TO COMPRESSOR 


L 


Fig. 5.—Diagram of the apparatus used in several experiments in which a gas of definite con- 
centration was introduced into the exposure chamber under steady flow. 


test apparatus and arrangements have been described in the second part of this 
report. 

The effects of hydrogen cyanide and of carbon monoxide on rats are entirely 
different. The rats react to carbon monoxide very slightly until unconsciousness 
is produced. They react to hydrogen cyanide with excessive activity and loss of 
control, which in turn are followed by unconsciousnesss. 

Best and Taylor ** noted that “the mechanism of production of asphyxia by 
cyanide is quite different from that of carbon monoxide. There is no interference 
with oxygen carriage by cyanide but there is inhibition of tissue respiration. Cya- 
nide apparently combines with one or more of the enzymes which are responsible 
for normal tissue respiration.” On the other hand, the well-known property of 


14. Best, C. H., and Taylor, N. B.: Physiological Basis of Medical Practice: A University 
of Toronto Text in Applied Physiology, ed. 3, Baltimore, William Wood & Company, 1943. 
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carbon monoxide enabling it to combine with the hemoglobin of the blood limits 
the oxygen-carrying power of the blood. In cyanide poisoning, regardless of the 
amount of oxygen in the blood stream, the tissues are prevented from using it by 
the combination of the cyanide with the oxidizing enzymes. Hence it would seem 
that oxygen inhalation could not be expected to prove effective in cyanide poisoning, 
since the oxygen, although carried to the tissues, could not be utilized. 


Errects oF HyproGeEN CYANIDE 

The first series of experiments was directed toward determining the minimum 
lethal dose of hydrogen cyanide for white rats. Sixteen experiments were carried 
out in making this determination. These were started at the low concentration of 
25 ppm and increased to 465 ppm. It was determined that the minimum lethal 
dose lies around 50 ppm. 

The following observations are pertinent concerning the effects of hydrogen 
cyanide on the rats: 


When first placed in the chamber, the rat usually showed some curiosity about 
his surroundings. This subsided, however, by the time the gas was introduced. 


TABLE 2.—Death Times for White Rats to Which Hydrogen Cyanide Gas Was Administered 


Death Time Comment 

6 min. Violent reaction in % min. 

20 min. Violent reaction in 3% min. 

12% min. Violent reaction in 3% min. 

10% min. Unconscious in 2 min. 

5% min. Paralyzed in 1% min. 

Rat survived Rapid respiration only appar- 
ent ill effect; rat may have 

m previously expo: 

Rat survived 

8 min. 

Rat survived 


The rat was ordinarily in an entirely quiescent state on the introduction of the 
hydrogen cyanide gas. It would remain quiet and inactive until a certain amount 
of the gas had been absorbed. As the concentration of the gas in the body of the 
rat approached a lethal amount, the rat would very suddenly become excessively 
active, running around the container, jumping up the sides and otherwise showing 
excitement. This stage of excitement subsided, usually in a matter of seconds, 
when the rat became partially paralyzed and lost control of its movements. Respira- 
tion increased very rapidly, frequently doubling in a few minutes. There would 
follow a period of unconsciousness and gasping for air, followed by death. A 
typical illustration is that of May 22 (table 2), when 50 ppm of hydrogen cyanide 
were introduced into the rat chamber. Signs of distress were noted in 1 min. 49 
sec. by the violent agitation of the rat. Paralysis occurred at the end of 2 min. 30 
sec. Gasping appeared at the end of 3 min., accompanied by unconsciousness. 
No signs of respiration were noted at the end of 8 min., and the rat was pronounced 
dead at this time. 

In recording the early experiments, some reactions were attributed to the gas 
which are now known to have been only normal activities. These consisted of 
washing and showing curiosity toward its surroundings. There was one case in 
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which 30-40 ppm were used (May 17) ; a moderately violent reaction was produced 
which did not terminate with gasping, paralysis, or unconsciousness, and from which 
the rat recovered. In this experiment the reaction consisted only of heavy breath- 


ing and an increase of respiratory rate. At the end of 22 min. the rat was still alive 
and showed no ill effects. 


Errects or CARBON MONOXIDE 


Eleven experiments were carried out to determine the minimum lethal dose of 
carbon monoxide. Experiments were conducted using concentrations of 20, 100, 
300, 1,000, 2,000, 2,500, 4,500, and 5,000 ppm. It was determined that about 5,000 
ppm of carbon monoxide were required to kill a rat in 30 min., although we were 
able to revive rats by artificial respiration after this dosage. The reaction to carbon 
monoxide is entirely different from the reaction to hydrogen cyanide. Carbon 
monoxide produces hardly any observed reaction. The rat seems undisturbed, and 
it is difficult to determine when unconsciousness occurs. There is little struggle 


Taste 3.—Death Times for White Rats to Which a Mixture of Carbon Monoxide Hydrogen 
Cyanide Gas Was Administered 


Wt. of HCN and CO 
Date Rat, Gm. Doses, PPM Death Time Comment 

6/ 5/46 yee 20 CO + 20 HCN No effect 

6/10/46 Kiauk 100 CO + 20 HCN No effect 

6/11/46 Sones 1,000 CO + 30 HON Rat survived Artificial respiration 

6/12/46 102.6 2,000 CO + 20 HON 30 min. plus Rat died after being removed from chamber 

6/12/46 133 2,000 CO + 15 HCN 

6/14/46 elteds 2,000 CO + 5 HCN Rat survived Paralysis in 21% min.; rat revived by 
artificial respiration 

6/19/ (3 rats) 2,000 CO + 10 HCN Rat survived All affected but survived 30-min. dosage 

6/20/46 Sia. 2,000 CO + 10 HCN Rat survived Affected but survived 30-min. dosage 

6/20/46 canes 2,500 CO + 10 HCN Rat survived Affected but survived 30-min. dosage 

6/20/46 bebbe 2,000 CO + 15 HCN 30 min. Death after removal from chamber after 
30-min. dosage 

6/20/46 


2,000 CO + 15 HCN Rat survived Recovered from 30-min. dosage 


except at the termination of life, when spasmodic contraction of the muscles may 
occur. 


Errects oF ComBINED HyproGEN CYANIDE AND CARBON MONOXIDE 


The experiments using carbon monoxide or hydrogen cyanide singly showed that 
death of rats could not be regularly expected from hydrogen cyanide under a con- 
centration of 50 ppm or from carbon monoxide under a concentration of 5,000 
ppm. All the rats treated with a carbon monoxide concentration less than 5,000 
ppm ultimately recovered. In order to reduce the experiments to a single variable, 


2,000 ppm of carbon monoxide was the standard amount selected to be used in 
studying mixtures of the two gases. This is far below the minimum lethal dose; 
rats exposed to this amount of carbon monoxide showed no ill effects. 

A dose of 2,000 ppm CO to 20 ppm HCN in one case produced death in approxi- 
mately 30 min. When the hydrogen cyanide was reduced to 15 ppm, death was 
once caused in about 15 min., although another rat survived this dose, while still 
another died in 30 min. When the hydrogen cyanide was reduced to 10 ppm, a 
death occurred in about 32% min, When only 5 ppm of hydrogen cyanide were 
used in the presence of 2,000 ppm of carbon monoxide, a decided reaction occurred 
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in 18% min. and paralysis in 2114 min., although at the end of 30 min., when the 
rat was removed, it recovered under artificial respiration. 

The above cases illustrate some important considerations. One is the fact that 
there is wide variation in the reactions of individual rats to a combination of the 
two gases. Because of this variation more experiments should be carried on at the 
5-ppm and 10-ppm levels of hydrogen cyanide with 2,000 ppm of carbon monoxide. 
On the other hand, certain common reactions were observed. The first reaction is 
very characteristic of hydrogen cyanide effect—excitability, and an attempt to jump 
out of the container, and various other random movements. This behavior lasted 
only a short time, followed by partial or total paralysis, gasping, and sometimes 
by a period of partial recovery, which within a few minutes was again followed by 
paralysis and frequently death. 

The last five or six rats were the last of the colony and had been used in 
previous experiments. Although they passed through the typical reactions and 
usually became paralyzed in from 10 to 20 min., they gained control and conscious- 
ness when taken from the container at the end of 30 min., particularly if given some 
form of artificial respiration. 

At the conclusion of the experiments four rats were killed: two, with hydrogen 
cyanide in an excess amount; the third, with 2,000 ppm of carbon monoxide to 
15 ppm of hydrogen cyanide; the fourth was rendered unconscious with this same 
dose but was still breathing at the end of 30 min., ultimately recovering. These 
four rats had all previously been gassed. The dead ones were sent to the state 
health department for autopsy. They all showed the presence of hydrogen cyanide 
in the tissues. 

CONCLUSIONS FROM PART III 


1. Ten parts per million of hydrogen cyanide with 2,000 ppm of carbon mon- 
oxide over a period of 30 min. will frequently prove fatal to female albino rats. A 
concentration as low as 5 ppm of hydrogen cyanide to 2,000 ppm of carbon 
monoxide will produce unconsciousness and perhaps death in many cases. 

2. In the presence of sublethal amounts of carbon monoxide a very minute 
amount of hydrogen cyanide will prove fatal to rats. One of the striking things 
throughout these experiments was the rapidity of the changes which took place 
when a certain concentration in the body had been reached. The rats would act in 
an entirely normal way until suddenly the reaction would start. The respiration 
rate would rise from 50 to 60 to well over 100 per minute. Paralysis occurred, fre- 
quently in a matter of seconds, with the rats lying in a stupor until death occurred 
or until they were removed from the container. 


COMMENT 


The absorption of hydrogen cyanide evidently increases respiration rates of rats. 
Obviously, an increased rate of respiration will increase the intake of carbon 
monoxide in atmospheres containing a mixture of these two dangerous gases. A 
low concentration of carbon monoxide breathed in more rapidly than normal would 
seem to indicate a build-up of carbon monoxide in the body equal to the usual 
build-up from a higher concentration. 

It is not uncommon for accidental fires to occur where materials are present 
which can be caused to liberate smal] amounts of hydrogen cyanide gas. In the 


a 
a 
| 
| ae 
3 
2 
& 
| 
3 
4 
} 
q 
| 
: ae 


64 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


case of such fires it is usual to assume the presence of carbon monoxide, frequently 
in considerable volume. No experiments are recorded here indicating the effect on 
humans of mixtures of carbon monoxide and hydrogen cyanide gas. Furthermore, 
additional animal experiments should be conducted employing this mixture of gases. 


We undertook to make the experiments reported here as a result of interest in 
the gases given off by the decomposition of various materials. We were not experi- 
enced and skilled in toxicity studies and made such studies as a preliminary study 
only. The concentrations of the gases used were not directly checked on samples 
taken from the exposure chamber; rather, concentrations were calculated by a 
knowledge of the gases mixed together. 

However, in the absence of more conclusive data it would appear to be prudent 
to avoid inhalation of mixtures of such gases. If the reaction of the rats in the 
experiments reported herein can be relied on to indicate a similar reaction in 
humans, it would appear that smoke-inhalation victims often-times may have been 
more dangerously exposed than has heretofore been recognized. 
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PERSISTENCE OF BERYLLIUM OXIDE IN LUNGS AFTER 
INHALATION OF DUST 


FRANK R. DUTRA, M.D. 
EDWARD J. LARGENT, A.B. 
JACOB CHOLAK, Ch.E. 


DONALD M. HUBBARD, Ch.E. 
AND 


JAMES L. ROTH 
CINCINNATI 


LL CASES of acute pulmonary berylliosis that have come to our attention have 

occurred in persons currently working with beryllium or its compounds. In 

some instances, the first evidences of chronic pulmonary berylliosis have also been 

noted while the victim was still being exposed to compounds of beryllium, but in 

others periods of four or more years have intervened between the last exposure and 
the onset of the disease. 

Little is known concerning the rate at which beryllium dusts accumulate in the 
lungs during exposure and about the ultimate disposition of the dust particles that 
have been inhaled into the lungs. It was believed that information concerning the 
rate at which beryllium oxide is deposited in the lungs and especially concerning 
the rate at which it is eliminated after exposure is terminated might aid in explain- 
ing why chronic pulmonary berylliosis may develop in human beings some months 
or even years after exposures have ceased. It has been presumed that persistence 
of beryllium compounds deposited in the lungs was responsible for those cases in 
which onset was delayed beyond the period of exposure, but a quantitative study 
of pulmonary accumulation and elimination of beryllium dusts had not been 
reported previously. Accordingly, an experiment was devised to permit observa- 
tion of the rate at which beryllium oxide dust could accumulate in the lungs of 
rats breathing an atmosphere containing such a dust, and a second experiment was 
arranged in order to study the rate at which beryllium oxide leaves the lungs after 
exposure is terminated. 

PROCEDURE 

The beryllium oxide used in these experiments consisted of a white powder which had been 
calcined at 1200 C. for three hours. In order to introduce the dust into the exposure chamber, 
the powdered beryllium oxide was placed in the glass reservoir tube of a dust-feed apparatus, 


The powders used were supplied by Sylvania Electric Products Company, Inc. 


This work was supported by grants from the Office of Naval Research and the United 
States Atomic Energy Commission. 


From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, College of Medicine, University of Cincinnati. 
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patterned after the device described by Schrenk! (figs. 1 and 2) but modified in that the 
reservoir tube was moved by a rack and pinion arrangement rather than a wire and pulley. 
The speed at which the reservoir tube was elevated could be altered by changing the size of 
the pinion gear. Air to operate the duster was obtained from a compressor which was provided 
with a moisture trap to obviate caking of the dust. The air leaving the duster was piped into 
an inertial separator of the cyclone type (fig. 3), where the larger particles were eliminated. 
The smaller particles were passed into a second stream of air that was being drawn into the 
800 L. exposure chamber by a suction pump located in the chamber’s exhaust system. The 


_ Fig. 1—Device for preparing dust from beryllium oxide powder. Compressed air tube (A) 
directs air through glass jet into low pressure glass ball (B), drawing air up through feed 
tube (C) from beryllium oxide reservoir (D). Air entering feed tube must pass down around 
stationary knurled head (E), and across surface of powder, picking up dust before it enters hole 
in center of knurled head and, thence, the feed tube. Dusty air passes toward exposure chamber 


in tube (F), after being mixed with stream from air compressor. Motor for elevating reservoir 
is also illustrated (G). 


second stream of air, containing the diluted dust, entered the exposure chamber through a port 
located near the front at a rate of 350 L. per minute. Samples of dust for microscopy were 


1. Schrenk, H. H.: Testing and Design of Respiratory Protective Devices, Information 
Circular 7086, United States Department of the Interior, Bureau of Mines, 1939. 
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collected by thermal precipitation within the chamber, and it was determined that the particles 
had a mean diameter of 0.285 micron, the range of individual particles being from 0.11 to 1.25 
microns. The contaminated air was exhausted from the exposure chamber through an opening 
in the center of the rear wall, passed through an industrial type precipitron (Westinghouse 
Style 1219372) so that all traces of the dust were removed, and the purified air was discharged 
into the atmosphere. 

The most satisfactory method of collecting samples of atmospheric dusts for analysis involves 
the use of the electrostatic precipitator.2_ Using this method, one continuous sample, comprised 
of the dust in 47 to 52 L. of air, was collected over three to four hours of the exposure period 
every day (fig. 4). 


Section AA 
Air 


ritice 


_—Dust Reservoir 


Airflow indicated by arrows. 


— 


Fig. 2—Diagram of equipment for metering dust into exposure chamber. 


Because of the potential health hazards to personnel associated with such an experiment, 
the exposure chamber and its ancillary equipment were contained within a locally exhausted 
hood. The chamber was cleaned with a vacuum cleaner at the end of each exposure, and the 
fur of the animals was similarly cleaned prior to their being returned to their cages. The 


2. Drinker, P., and Hatch, T.: Industrial Dust: Hygienic Significance, Measurement and 
Control, New York, McGraw-Hill Book Company, 1936. 
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cages of the animals were kept in hoods to prevent contamination of the laboratory by any dust 
that might still cling to their fur. During all cleaning operations, the operator wore a dust 
mask which tests had proved would prevent the inhalation of particles the size of those con- 
cerned in these experiments. 

Experiment 1.—Twenty-five albino laboratory stock rats were used, being divided into five 
similar groups. During the exposure of these 25 animals the atmosphere in the chamber con- 
tained a mean concentration of beryllium oxide equivalent to 39.57 ug. of beryllium per liter. 
The animals were exposed for total periods of time which ranged from one to 25 hours; 
individual periods of five hours or less were accomplished in one day, while total periods of 
10 hours were made up of five hours per day on two successive days, and those of 25 hours, 
of five hours per day on five days. 


24 


Fig. 3—Exposure chamber, with front panel attached, is contained within a hood, air from 
which is constantly passing into an exhaust system. Contaminated air passes through tube 
(A) into the inertial separator (B). The latter has jar at lower end for collecting particles that 
drop out. From settling chamber, dusty air is directed through tube (C) into Venturi meter 
(D) that has open end (EZ) through which air is drawn by a suction pump operating beyond 
the chamber. The diluted dusty air then enters the chamber through a port at (F). 


When the final exposure had been completed, the animals were killed within a few minutes 
after their removal from the chamber, and their tissues were prepared for analysis. In order 
to obviate the possibility that the tissues would be contaminated with the dust which had 
collected in the hair of the animals during the period of exposure, a technique of dissection was 
utilized in which the skin around the neck was incised and then inverted over the chest and 
abdomen like a sleeve. The abdomen was then opened with a chemically clean set of instruments, 
and the liver, the spleen, the kidneys and the musculoskeletal structures of the lumbar region 
and the thighs were removed; these were preserved together to be analyzed for beryllium, the 
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sample being designated the “‘carcass.”” The lungs were then removed and placed in a separate, 
chemically clean container for analysis. The analyses were made by the spectrographic methods 
of Cholak and Hubbard.$ 

Experiment 2.—A group of 40 rats was exposed to a similar dust of beryllium oxide at the 
same concentration for five hours per day on seven days. Subsequent to the last period of 
exposure, some were killed at once, while others were kept for varying periods up to 582 days. 
When the rats died or were killed, tissues were obtained for analysis in the manner described 
above. In addition, tissues from all rats were examined microscopically. 


Fig. 4.—Obtaining a sample of dust from the chamber. Air is drawn out through tube of 
electrostatic precipitator (4); black cabinet contains power pack for operation of precipitator. 
High voltage apparatus in background is large industrial precipitron that removes beryllium 
oxide from air that has passed through the exposure chamber. 


3. Cholak, J., and Hubbard, D. M.: Spectrographic Determination of Beryllium in Bio- 
logical Material and in Air, Analyt. Chem. 20:73-76, (Jan.) 1948; Spectrochemical Determi- 
nation of Beryllium, ibid. 20:970-972 (Oct.) 1948. 
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RESULTS 


The results of the analyses of tissues of rats exposed to beryllium dust for inter- 
vals ranging from one hour to five days are recorded in table 1. After only one 
hour of exposure the lungs contained appreciable amounts of beryllium. Multiple 
periods of exposure resulted in both greater and more variable pulmonary concen- 
trations of beryllium. 

At the end of seven days of exposure and for 582 days thereafter the pulmonary 
concentrations of beryllium remained high (table 2). The abrupt increment of 
beryllium in the lungs, followed by its relatively slow elimination, is illustrated in 
figure 5. 

The concentrations of the dust found in the pooled tissues which were designated 
“carcass” appear in tables 1 and 2. It is to be noted that the concentrations in the 


Beryllium Con Lungs of Rots 
Exposed O02, OS, |, 7 Days to BeO Dust 


i 
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Fig. 5.—Scatter graph showing pulmonary accumulation of beryllium during period of 
exposure, persistence of beryllium in the lungs after conclusion of exposures. 


lung have been expressed as milligrams, and those in the “carcass” as micrograms, 
per 100 Gm. of tissue. 

Microscopic examinations were made of tissues from the rats that were killed 
at or after the conclusion of seven days of exposure. Those animals which had 
been killed immediately after the last exposure were found to have numerous visible 
granules of highly refractile dust in their lungs, and there was evidence of tissue 
reaction to this dust. Some of the dust particles were free in the lumens of the 
alveoli or the bronchi, but most of it was found in large mononuclear phagocytes 
or within the protoplasm of swollen septal cells. The phagocytes which contained 
the dust were occasionally isolated, but for the most part they appeared in groups 
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Taste 1—Rats Killed at Conclusion of Exposure 


Period of Lung, 
Exposure, Hr. Mg. Be/100 Gm. 


; 1 3.35 
1 1.98 
1 10.4 
1 0.90 
1 3.5 
2 1.56 
M 1.55 
M% 1.76 
2% 0.96 
3.22 

5 2.88 
5 8.46 
5 6.75 
5 0.604 
5 22.5 
10 26 
10 2.68 
10 18.4 
10 15.7 
10 11.0 
25 7.06 
53.6 
25 91.25 
25 39.1 
25 11.9 


“Carcass,” 
7 Be/100 Gm. 


analytical method (0.004-0.014 7/100 gm.). 


The occasional high value probably represents contamination from fur during dissection of the animal. 
+ “Nil” indicates that if any beryllium was present the amount was below the range of sensitivity of the 


Tasie 2.—Rats Killed After Conclusion of Thirty-Five Hours of Exposure 


Days After 
Beginning Lun 


5.66 
10.0 


# ERSES BERR KF 


Diagnosis of Berylliosis, Am. J. Clin. Path. 19: 229-234 [March] 1949). 
t Animal died. All others were killed. 
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* Oceasional results that do not fit the general pattern may represent contamination from the hair of 
the animal during dissection in some cases. However, considerable variation has been found in the concen- 
trations of beryllium in comparable tissues of persons who have died of aeute or chronic pulmonary 
berylliosis (Dutra, F. R.; Cholak, J., and Hubbard, D. M.: The Value of Beryllium Determinations in the 
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which filled alveoli around the ends of alveolar ducts. Throughout the lung sec- 
tions the septal cells were slightly thicker than usual. Some of the septal cells 
that contained granular particles of dust were in transitional stages between the 
lining cells of alveoli and the rounded, almost or quite free phagocytic cells which 
were mentioned above. 

There was little change in the appearance of the lung tissues during the first 
35 days following the cessation of exposure, with the exception that the animals 
killed at the end of 35 days had flattened septal cells. Almost all the phagocytes 
were now congregated into small clumps in isolated groups of alveoli that were 
scattered throughout the lungs. These phagocytic cells had increased in diameter, | 
and their protoplasm had become pale and finely granular. The ingested granules d 
of dust within their cytoplasm were still clearly visible. The walls of the alveoli 4 
in the regions of such aggregations of phagocytes were slightly to moderately 
thickened by fibrous tissue proliferation. 

This situation persisted with little change through the 582 days during which 
some of the animals remained alive. In some of the older animals there were 
obviously fewer aggregations of mononuclear cells containing dust, and some of 
the old rats showed considerable fibrosis in the areas around the dust cells. In 
addition there were infiltrating lymphocytes in many of the areas of dust cell 
aggregation. There was diffuse proliferation of fibrous tissue within alveolar sep- 
tums in occasional rats. This was slight to moderate in degree; in none of the 
rats did granulomatous inflammation of the lungs develop. 


COMMENT 


In the lungs of these rats the concentration of beryllium oxide dust tended to 


be gradually progressive during the period of exposure. The lungs of individual 
animals showed wide variation in the concentrations of beryllium as these became f 
greater. The beryllium oxide which was retained in the lung tissues during a | 


total of 35 hours of exposure on seven days remained fairly constant for a number ‘ 
of months after the cessation of exposure. The number of rats employed in this ; 
experiment was too small to yield information of statistical significance ; however, ‘ 
the fact is evident that the lungs of rats which had accumulated beryllium oxide 6 
still contained appreciable concentrations for as long as 582 days following their i 
last exposure. These concentrations represent several times the concentrations of : 
beryllium found in the lungs of persons who died of chronic pulmonary berylliosis. ’ 

The concentrations of beryllium in organs other than the lungs varied consider- it 
ably in different animals but were always much lower than those in the lungs. 
Redistribution of beryllium from the lungs to other tissues seems to have been only 
a slight factor in lowering the concentration within the lungs; if appreciable é 
amounts of beryllium were removed by the blood from the lungs, the mobilized 
material must have been eliminated promptly in large part. Beryllium oxide may ® 
also have been eliminated from the lungs of the rats through the trachea as has 
been shown to occur with particles of other dusts. No attempt was made to esti- 
mate the amounts that may have been removed in this way. 


4, Scott, K. G.; Axelrod, D.; Crowley, J., and Hamilton, J. G.: Deposition and Fate of 
Plutonium, Uranium and Their Fission Products Inhaled as Aerosols by Rats and Man, Arch. 
Path. 48:31-54 (July) 1949. 
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The dust produced a reaction in the lungs of rats within as little as seven days 
following the onset of exposure. This was not a specific reaction but consisted at 
first of irritation of septal cells, with the latter becoming free intra-alveolar phago- 
cytes which engulfed the dust particles. The phagocytic cells then tended to con- 
gregate within a few alveoli, after which there was a tendency toward fibrosis in 
the septal walls adjacent to the alveoli that contained the dust-laden cells. Granu- 
lomatous lesions did not develop in the lungs of the exposed rats during a period 
of 582 days following exposure. 

SUMMARY 


Experiments have indicated that significant amounts of beryllium oxide dust can 
accumulate in the lungs of rats within a short period of time. 

During intermittent respiratory exposure there was a well defined tendency 
toward progressive accumulation of the dust within the lungs. 

Large amounts of the dust remained within the lungs of the rats for over a 
year after the last period of exposure, and there was little tendency for the beryl- 
lium to be redistributed from the lungs to other tissues. 

The response of pulmonary tissues to the accumulation of the dust was minimal 
and did not resemble chronic pulmonary berylliosis in man. 
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STUDY OF EYE IRRITATION CAUSED BY LOS ANGELES SMOG 


RICHARD D. CADLE, Ph.D. (Chem.) 
AND 
PAUL L. MAGILL, B.S. 
STANFORD, CALIF. 


HE MIXTURE of atmospheric contaminants, known as smog, which 
plagues many populous areas has a number of unpleasant properties. One of 
the most exasperating of these is the eye, nose, and throat irritation which is often 
produced. Eye irritation (frequently accompanied by lacrimation) is perhaps the 
most outstanding characteristic of the smog occurring in the Los Angeles area. 
This property of smog has been studied in these laboratories for several years. No 
single contaminant thus far identified in Los Angeles smog accounts for the eye 
irritation, but artifically prepared mixtures of several contaminants in concentra- 
tions at which they exist in smog have been shown to produce significant irritation.’ 
The purpose of the work described here was to determine the change in eye, 
nose, and throat irritation produced by systematically changing the composition of 
the artificial srog. Information reported by members of a test panel was treated 
by mathematical statistical methods in order to determine the significance of the 
differences produced by the various changes made in the composition of the test 
atmospheres. 


APPARATUS AND MATERIALS 


The equipment used in conducting this study has been partially described in several reports 
and papers prepared by the Stanford Research Institute.2 The tests were carried out in a 10- 
cu. m. galvanized iron box, usually called the “smog chamber.” During the first part of this 
work the smog chamber was operated as it had been when artificial smogs were first tested,!” 
except that two instead of three persons entered the chamber at a time, and an improved dust 
disperser, described briefly below, was employed. Most of the equipment for dispersing 
contaminants was placed inside the smog chamber. Fresh air was blown directly into the 
chamber and all mixing with contaminants occurred there. 

However, a number of modifications were soon made. The major change consisted of 
introducing into the system a box of 1l-cu. m. volume that was used for premixing the test 
smogs. A new arrangement of ducts made it possible to draw part of the air entering the main 
chamber through the premixing box and part of it directly from the atmosphere, bypassing 
this box. Much of the equipment for dispersing contaminants into the air stream (or the 
premixing box) was mounted on a control panel along with the switches, variable transformers 
and flowmeters. Air leaving the chamber could be recycled, exhausted into the main chamber 
of the transmissometer 1” or exhausted outdoors. The transmissometer is an optical device 
used to measure the effect of various substances in decreasing visibility. The new arrangement 
is shown in Figures 1 and 2. 


From the Stanford Research Institute. 

1. (a) The Smog Problem in Los Angeles County; Second Interim Report, Stanford, 
Calif., Stanford Research Institute, 1949. (b) Magill, P. L.: Techniques Employed in the 
Analysis of Los Angeles Smog, Proceedings of the First National Air Pollution Symposium, 
Stanford, Calif., Stanford Research Institute, November, 1949. 

2. (a) Cadle, R. D., and Magill, P. L.: Preparation of Solid- and Liquid-in-Air Suspensions 
for Use in Air Pollution Studies, Indust. & Engin. Chem. 43:1331, 195) (b) Magill, P. L.: 
The Los Angeles Smog Problem, ibid. 41:2476, 1949. (c) Footnote la (d) Magill.» 
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—— NORMAL AIR PATH 
---* ALTERNATE PATHS 


TROL 


Fig. 2.—Diagrammatic sketch of the smog chamber and premixing box (courtesy of Western 
Oil and Gas Association). 
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These changes were designed to make the operation of the chamber more flexible and 
specifically to make it possible to premix the contaminants at much higher concentrations than 
those at which they later exist in the chamber. 

The interior of the smog chamber was also arranged somewhat differently. The two 
subjects sat facing a table. A clamp board holding the data sheets was secured on the table 
in front of each subject. A low plywood partition separated the boards so that the subjects 
could not easily see each other’s data sheets. Also, the subjects were requested not to discuss 
their reactions. This was aimed at making the tests truly independent. 

The composition of the artificial smogs was based on analyses of the Los Angeles atmosphere 
during periods of intense smog. The following contaminants were used for making up the 
artificial smog used for most of the tests: 


Acrolein 0.01 mg./eu.m. 
Lamp black 1.0 mg./eu.m. 


Nitrie acid 0.4 mg./eu.m., cale. as NOz 


Fig. 3.—Dust-dispersing apparatus (courtesy of Western Oil and Gas Association). 


The powder dispersers previously used for dispersing the lamp black * were unsatisfactory. 
The powders were not dispersed at a uniform rate, and the jets had a tendency to clog. A 
relatively simple device was built which was found to be very effective (Fig. 3). This device 
has been described in detail elsewhere by us.24 The powder to be dispersed was spread 
on a brass trough about 2.5 m. long which was drawn beneath an air-operated aspirator by 
means of piano wire which was wound on a motor-driven drum. The aspirator sucked the 
powder from the trough, and the resulting dispersion was blown directly into the premixing box. 

The aerosol generators which previously had been used for dispersing oil and salt solutions 
were replaced by dispersers of the types described by us elsewhere.28 These operated by 
dispersing the liquid with a jet of air and impinging the resulting dispersion downward onto 
the undispersed liquid. The impingement removed the undesired larger droplets. 

The oil which was dispersed consisted of a mixture of 60% used crankcase oil and 40% 
diesel oil. The crankcase oil was a composite sample which had been collected from several 
service stations. The diesel oil was added to decrease the viscosity. A sufficient quantity was 


3. The lamp black used as a constituent of artificial smogs was “Germantown Bear Lamp 
Black,” sold by the Monsanto Chemical Company, Dayton, Ohio. 
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prepared so that all experiments were made with the same batch. The following were some 
of the properties of the mixture: 


Sodium chloride was dispersed as a 0.01% aqueous solution. 

Formic acid, formaldehyde, and acrolein were introduced as vapors into the smog chamber. 
They were diluted to appropriate concentrations with water, mixed, and dropped onto hot glass 
beads by means of a motor-driven hypodermic syringe. The beads were contained in a modified 
500-ml. Erlenmeyer flask. Glass wool was placed between the beads and the bottom of the 
flask, which was heated with a hot plate. A stream of nitrogen passing through the flask blew 
the vapors into the premixing box. 

Nitric acid vapors were similarly dispersed. The resulting vapors were found by analysis 
to consist mainly of nitric acid in gaseous form, and about 10% of the total weight of the 
nitrogen compounds was found to be nitrogen dioxide. 

The motor-driven syringes and Erlenmeyer flasks, mounted on the right, above the pre- 
mixing box, are shown in Figure 1. 

Sulfur dioxide was mixed with nitrogen, an appropriate amount of the mixture was admitted 
into the chamber or premixing box, and the rest was vented into the exhaust pipe. 

Sulfur trioxide was produced by bubbling dry nitrogen through fuming sulfuric acid (36% 
sulfur trioxide). The sulfur trioxide combined with moisture in the air to form an aerosol of 
sulfuric acid. 

Ozone was produced from air or oxygen by using a high-voltage discharge ozonizer mounted 
behind the control panel on the premixing box. 

Ozone was used in these experiments to accelerate the oxidation of the hydrocarbons 
comprising the gasoline. Although no ozone has been positively identified in Los Angeles air, 
there are indications that it is present. It is not unlikely that hydrocarbons, especially the 
more highly unsaturated ones, undergo oxidation merely by the oxygen in the atmosphere in 
the presence of sunlight.* Further, there is a greater concentration of aldehydes in the air than 
can be explained on the basis of the amount discharged from known sources. It is hypothesized 
that the remainder must be derived by the oxidation of organic materials in the air. 

It has not been expedient, so far, to attempt to reproduce the conditions that exist in the 
open air where slow reactions occur for 18 hr. or longer in the absence of walled space. 
Although the mechanism of oxidation by ozone may be different from that of elemental oxygen 
and sunlight, the end products of the reaction are believed to be similar. 

Gasoline vapor was introduced into the chamber by bubbling nitrogen through gasoline in 
the premixing box. The gasoline in the vapor was “ozonized” by passing the gas streams 
from the bubbler and the ozonizer together through a glass tube about 60 cm. long and 2.5 em. in 
diameter in the premixing chamber. 

The artificial smogs in the smog chamber were analyzed for the various constituents by 
methods previously described.5 The rate of input of the various contaminants was adjusted so 
that the desired concentrations, as indicated by the analyses, were obtained—for example, four 
times the calculated quantity of lamp black had to be added to compensate for that which 
collected in the blower and on the walls of the ducts and chamber. Each atmosphere was 
completely analyzed immediately before testing with the panel. 


4. Hickinbottom, W. I.: Reactions of Organic Compounds, ed. 2, New York, Longmans, 
Green & Co., 1948, p. 16. Stannett, V., and Mesrobian, R.: The Low Temperature Auto- 
Oxidation of Hydrocarbons, Special Technical Report No. 5 to the Navy Dept., Contract 
N60nr—26309 with ONR and Polytechnic Institute of Brooklyn, July 15, 1950. 

5. Magill, P. L.: Determination Procedures, Am. Indust. Hyg. A. Quart. 11:55, 1950. 
Magill.2> 


‘ 
: 
= 
| 
| 
} 
iy 
j 
| 
5 


aA 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


METHOD OF PANEL TESTING 


A test panel consisting of about 25 members of the staff of Stanford Research Institute was 
assembled. The individuals were chosen mainly on the basis of willingness to undergo the 
tests and the probability that they would be able to continue to serve on the panel. The latter 
qualification was particularly important, since it was essential to collate pairs of atmospheres 
(artificial smogs) by comparing the reactions of the same individuals in the two atmospheres. 
The smog chamber was operated dynamically; that is, air which contained contaminants was 
passed continuously through the chamber. Contaminants were introduced into the chamber for 
15 min. before subjects were admitted in order for the equilibrium concentrations to be 
approached. Two subjects then entered the chamber and recorded their sensations each minute 
for 10 min. as previously described.1» Figure 4 is a reproduction of one of the charts on which a 
the sensations, if any, were recorded. When the door was opened to admit the subjects, no : 
noticeable change in concentrations of contaminants within the chamber was found to occur. 


TEST SHZET 

Test Number: 

___ OBSERVATIONS 
Throat 


se Eye 
Irritation |Irritation Lacr.(tears) | Irritation Remarks 


Temperature: 


Relative humidity: 
Barometer: 


INSTRUCTIONS FOR FILLING OUT THIS TEST SHEET 


Record your observations once a minute, according to the bell in the chamber, The test will last ten minutes 
unless stated otherwise. 


Under each heading record your sensations with the following marke: 


v mild //noderate v//severe 
Remarks will include coughs, sneezes, yawns, hiccoughs, or any special physiological tion or diti 
Thank you for your cooperation. { 
Fig. 4.—Test sheet given each member of the panel on his entering the smog chamber. 


After the subjects left the chamber, a minimum of 15 min. elapsed before two more members 
of the panel entered. 

The eye, nose, and throat irritation produced by various atmospheres could be evaluated 
by comparing the average irritation indexes for each atmosphere tested.6 A question remained, 
however, as to whether the differences obtained were significant. For this reason the data 
were analyzed by mathematical statistical methods. The test chosen was the rank test of 
Mann and Whitney.? In this test, atmospheres were compared in pairs, and a number was s) 
obtained which represented the probability that the differences observed were the results of 4 
chance. 


6. The irritation index was defined as the sum of the check marks under each heading on 
the chart (Fig. 4) divided by 10. 

7. Mann, H. B., and Whitney, D. R.: On a Test of Whether 1 of 2 Random Variables Is 
Stochastically Larger Than the Other, Ann. Math. Stat. 18:50, 1947. 
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RESULTS 


The results of testing various artificial smogs are shown as averages in Tables 
1, 2, 3, 4, and 7.8. The probabilities that differences between pairs occurred as the 
result of chance could obviously not be shown in the tables for all pairs. There- 
fore, only a few of these probabilities are shown. Examination of the data shows 
that as a rough approximation a twofold difference between indexes was necessary 
for a probability of 0.05 or less when the lower of the two irritation indexes for a 
given pair was about 0.15. 

Because the premixing box had not yet been constructed, the first few tests 
were carried out on atmospheres prepared directly in the chamber or introduced 
directly into the chamber. The atmospheres compared were fresh air, artificial 
smog, artificial smog minus sulfur dioxide and sulfuric acid, and artificial smog 
minus ozone. Results are shown in Table 1. The irritation indexes for eye, nose, 
and throat for all three contaminated atmospheres were significantly higher than 
those from fresh air. The differences among the indexes for eye irritation for 
the three contaminated atmospheres were not significant. The presence of sulfur 
dioxide and sulfuric acid significantly increased nose and throat irritation. 


Taste 1.—Averages of Irritation Indexes for Atmospheres Prepared Directly in Smog 
Chamber 


Average Irritation Index 


Atmosphere Nose Throat Eye 


Blank (fresh air) 0.096 0.14 
0.003 


0.70¢ (not significant) 


Total contaminants 0.80 0.34 0.38 


Total without SOz, SOs 0.40 


Total without ozone 66 0.28 O44 


+ The numbers outside brackets joining pairs of averages are the probabilities that the differences were 
the result of chance. A probability of 0.094 means that there are 9.4 chances’ out of 100 that the differences 
were the result of chance. Approximately a twofold difference between average irritation indexes seemed to 
be necessary for significance. 


At the conclusion of these tests, the smog chamber was modified so that the 
contaminants were introduced on the intake side of the blower. The blower then 
acted as a mixing device for the contaminants. This should produce much more 
uniform dispersion of the substances in the air in the smog chamber. In addition, 
practically all mechanical devices for dispersion of the contaminants were removed 
from the chamber, giving a more normal appearance to the interior. The presence 
of such apparatus may have had an undesirable psychological effect on the sub- 
jects. Actually, the resulting atmospheres seemed to have about the same irritation 
index (eye, nose, and throat) as the contaminated atmospheres produced by the 
older method in which most of the contaminants were liberated directly into the 
chamber (Table 2). 

The solid particulate material in the formula for artificial smog was carbon and 
a little salt. The particulate material in the Los Angeles atmosphere, however, 
probably contains a very small amount of uncombined carbon. Therefore, particu- 
late material collected from the Los Angeles atmosphere by means of a large electro- 


8. Tables of the individual responses of members of the panel were too lengthy to include 
in this paper. They will be furnished on request to the authors. 
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static precipitator was screened and the fine material substituted for the carbon 
in one set of the smog chamber experiments. There was no increase in eye and 
nose irritation, and there was actually a significant decrease in throat irritation. 

In most of the experiments the carbon and the sulfuric acid were introduced 
either into the chamber or into the ducts separately. In the Los Angeles atmos- 
phere, however, it is entirely possible that these substances are associated in the 
individual particles. Therefore, the sulfuric acid that would be normally introduced 
as a sulfuric acid aerosol was instead mixed with the carbon and introduced along 
with the carbon. This change had little effect on the eye irritation produced; if 


TABLE 2.—Averages of Irritation Indexes of Artificial Smogs * 


Average Irritation Index 
Atmosphere Nose Throat Eye 


0.096 0.14 


0.088+ 
Total artificial smog i 0.34 0.36 


Total, dust from L. A. instead of carbon r 0.14 0.30 
0.80+ (not significant) 

Total without ozone.................eeeeeeeeeeee 0.43 0.059 0.15 

Total, HeSO« mixed with earbon 10 


0.31 .2. 
(much coughing) 


25 


* Contaminants were introduced on the intake side of the blower, but the premixing chamber had not 
yet been built. 


+ The numbers outside the brackets joining pairs of averages are the probabilities that the differences 
observed were the result of chance. 


Taste 3.—Averages of Irritation Indexes of Artificial Smogs.* 


Average Irritation Index 


Atmosphere Throat Eye 


Blank (fresh air) 0.073 


Total contaminants 0.27 } 0.20¢ (not significant) 


Total without oil 0.21 
Total without aldehydes 0.40 


Total without carbon 0.25 


Total without nitric acid } 0.37 


Total without ozone 3 . 0.23 
* The premixing chamber was used 


+ The numbers outside the brackets joining pairs of averages are the probabilities that the differences 
observed were the result of chance. 


any, there was a slight decrease. However, it produced much coughing of the 
subjects, although it did not increase the actual throat irritation. When all of the 
ingredients were introduced on the intake side of the chamber, removal of ozone 
seemed to decrease the eye irritation. This effect was not found later and per- 
haps was fortuitous. This was the only result which seemed to be seriously incon- 
sistent during the entire program of testing artificial smogs. All subsequent smogs 
were prepared with use of the premixing box. The results of one set of experiments, 
designed to show the effect of any single contaminant, are shown in Table 3. 

The results show that no single contaminant could be considered to produce most 
of the irritation. Removing the ozone did not markedly decrease the irritation 
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as it had in the preceding set of experiments. The variations in the average index 
for throat irritation are probably meaningless, since these indexes are relatively low. 
Removal of no single contaminant decreased the level of nose irritation to that of 
the blank. It is interesting that removal of the nitric acid seemed to increase the 
amount of nose irritation significantly. 

Another set of results is shown in Table 4. 

The average eye irritation index was twice as great for artificial smog as for out- 
side air. The rank test indicated that there were only eight chances out of 100 
that this difference could have resulted from chance. This difference may thus 
be considered significant, although usually in statistical treatment of data five 
out of 100 is considered the criterion for significance. Gaseous constituents alone 
produced almost as much eye irritation as did the artificial smog containing both 
gaseous and particulate constituents. The particulate constituents, however, pro- 
duced, if anything, less irritation than did the outside, relatively uncontaminated, 
air. Thus, it was the gaseous constituents of artificial smog that produced most 
of the irritation. 

The particulate constituents may have contributed to nose irritation. The aver- 
age indexes for throat irritation were low, and the differences were statistically 
insignificant. 


Tas_eE 4.—Evaluation of Experimental Atmospheres by Means of Test Panel 


Average Irritation Index 
Atmosphere “Nose Throat Eye 


Blank (fresh air) 0.15 
Artificial smog 0.31 
Gaseous constituents only in artificial smog 5 \ 0.27 
Particulate constituents only in artificial smog Li Y 0.08 
Air containing ozonized gasoline 0.04 


Haagen-Smit * has produced aerosols by mixing ozone with the vapors of 
unsaturated hydrocarbons. These aerosols, at least in high concentrations, are 
reported to be quite irritating to the eyes. Since both ozone and various organic 
substances are believed to exist in Los Angeles smog, the panel was used to com- 
pare the irritating properties of fresh air with those of air containing ozonized gaso- 
line. Gasoline vapors and ozonized air were mixed in a 24-in. (61-cm.) glass tube in 
the premixing box of the smog chamber. They were passed through this tube 
continuously during the run. Sufficient gasoline and ozone were introduced to 
produce concentrations in the smog chamber of 10 mg./cu. m. and 35 parts per 
hundred million (pphm) by volume in the air of the smog chamber, respectively, if 
it may be assumed that no reaction occurred between the gasoline and the ozone. 
The reaction of the test panel to this atmosphere showed that it was no more irritat- 
ing than fresh outside air. Other properties of this atmosphere were also deter- 
mined. Volatile materials were condensed from this atmosphere by means of liquid 
nitrogen traps and analyzed by both the chemical '° and the polarographic *' methods 


9. Haagen-Smit, A. J.: The Air Pollution Problem in Los Angeles, Engineering and 
Science, California Institute of Technology Publication, December, 1950. 

10. Goldman, F. H., and Yagoda, H.: Collection and Estimation of Traces of Formaldehyde 
in Air, Indust. & Engin. Chem. 15:377, 1943. 

11. Whitnack, G. C., and Moshier, R.: Determination of Formaldehyde in Presence of 
Acrolein and Other Aldehydes by Polarographic Method, Indust. & Engin. Chem. 16:496, 1944. 
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82 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 
for aldehydes. The amount of filtrable material in the atmosphere was measured by 
drawing air through filter paper and weighing the paper before and after sampling. 
The decrease of visibility produced by any particles in the air was measured by 
drawing air from the chamber through the transmissometer. The results are shown 
in Table 5. 

Considerable aldehyde was collected by the cold-trap technique. Some of this 
aldehyde may have been produced in the aqueous solution by hydrolysis of ozonides 
which had been in the atmosphere. There was surprisingly little organic acid, and 
that which was found may have been mainly free carbon dioxide. Apparently 
all the reaction products had vaporized, since no filtrable material was found, and 
the visibility was that of outside air. Much higher concentrations were prepared 
using 86 mg./cu. m. of gasoline and 400 pphm by volume of ozone in the smog 
chamber, calculated on the basis of no reaction. Considerable filtrable material 
was produced, and the visibility was decreased to 0.25 mi. (0.4 km.). This atmos- 
phere was not tested with the entire test panel, but four individuals observed that 
no eye irritation was produced. 


Tas_E 5.—Properties of Atmospheres Containing the Products of the Reaction of Ozone 
with Gasoline 


Aldehydes Produced, 
Ppm by Wt. 


Hypo- 
Hypo- thetical  — 

thetieal Cone. of Polaro- Filterable Eye 
Cone. of Ozone, graphic Acid Material Irritation 
Gasoline, Pphm by Bisulfite (Hydrazine) Produced, Produced, Visibility Produced 
Mg./Cu.M.* Vol.* Method Method Ppm by Wt.t Mg./Cu.M. (Miles) (if Any) 

10 38 12 0.89 0.3 0.9 at None 

86 400 0.74 0.25 None 


* The concentrations are caleulated on the basis of no reaction between ozone and hydrocarbon. 


+ The results were determined by titration of the freeze-out solution to a pH of 7, probably mainly 
earbon dioxide. 


} This is meant to signify that the visibility was the same as that of outside air at the time the 
visibility was measured. 


The formula for the artificial smog remained essentially unchanged for over a 
year of testing in order that the results obtained with it could be easily compared. 
However, as more information was gathered concerning the composition of smog 
in Los Angeles, it became apparent that revisions of this formula should be made. 
As _ a result of improvements in collection techniques, concentrations of aldehydes 
were found to be higher than had previously been suspected. These aldehydes are 
mainly of higher molecular weight than formaldehyde and may include some 
ketones. Results obtained at the Stanford Research Institute’s Los Angeles field 
office showed that volatile hydrocarbons may exist in the Los Angeles smog at 
concentrations as high as 10 mg./cu. m. Table 6 shows both the old and the new 
smog formula. Reactions that may have taken place between contaminants have 
not been considered. 

In compounding the new formula, the ozone and gasoline vapors were led 
together into a 2-ft. (6l-cm.) glass mixing tube before allowing them to mix with 
the air entering the chamber. This brought about reactions between the ozone 
and the unsaturated hydrocarbons, and important products of this reaction, as 
mentioned previously, were aldehydes and ketones. In addition, ozonides and a 
little organic acid were probably produced. Thus, the reaction between ozone and 
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gasoline was used to furnish the aldehyde—an approach which seems more logical 
than using formaldehyde. 

The new reconstituted smog and air containing various fractions of this smog 
were tested for irritating action by means of the usual test panel. The results are 
presented as averages in Table 7. 

Several observers who had been exposed to both the old and the new artificial 
smog and had also experienced Los Angeles smog believed that the odor and the 
irritating effect of the new smog were more nearly like those of natural smog. 
The new artificial smog seemed to produce about the same amount of eye irrita- 
tion, judged from the irritation index, as did the old. The irritation indexes for 
fresh air were considerably lower than had previously been obtained. The reason 


Taste 6.—Formulas for Artificial Smog 


Old Formula Concentrations New Formula 


lated as HNOs 
0.5 ppm by vol. Sulfur dioxide 
0.5 mg./eu.m. oil 


Particulate matter (lamp black) 1.0 mg./cu.m. Particulate matter 
(lamp black) 

Ozone . 0.35 ppm by vol. Ozone 

... 0,01 mg./eu.m. Nacl 

10 mg./eu.m, Gasoline 


Taste 7.—Evaluation of Experimental Atmospheres by Means of a Test Panel 


Average Irritation Index 


Atmosphere Tested Nose Throat Eye 


Air containing ozonized gasoline.................0005 0.35 O17 0.14 


Air containing ozonized gasoline plus nitrie acid 0.15 0.12 0.24 
; Air containing ozonized gasoline plus nitric acid plus sulfur dioxide.. 0.20 0.05 0.20 
New artificial amog, 20 mim. 0.09 0.04 0.23 
for this is not known. If the results are taken at their face value, it would seem F 
that the combination of ozonized gasoline and nitric acid vapors contribute most 
to the eye irritation produced by artificial smog of the new formula. This could 
mean that the aldehydes and the oxides of nitrogen are very important contributors 


to the eye irritation produced by smog in Los Angeles. 

It was pointed out earlier in this paper that the time of exposure of each mem- 
ber of the panel to each atmosphere was 10 min. The effect of lengthening the 
exposure time to 20 min. was studied and the results are included in Table 7. 
It was thought that the eye irritation might increase with increasing length of time 
of exposure. However, there was a decrease in the average eye and nose irrita- 
tion indexes. In a special test three subjects were exposed to the artificial smog 
for one-half hour. These subjects reported no noticeable increase in the irritation 
produced after the first few minutes. 
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GENERAL CONCLUSIONS 


It seems possible to draw several general conclusions from the panel-testing of 
artificial smogs. It must be pointed out that some of these conclusions, while 
apparently valid for artificial smogs, only suggest what the Los Angeles smog 
may be like in these respects. 

1. Atmospheres containing all of the major constituents of Los Angeles smog 
at the maximum concentrations at which these constituents have been found in 
smog produce definite irritation of the eyes. 

2. Removal of no single constituent of artificial smog eliminates all of the irri- 
tating action. 

3. Removal of all of the particulate constituents had little effect on the eye- 
irritating action of artificial smog. 

4. Removal of all of the gaseous constituents eliminates the eye-irritating action 
of the artificial smog. 

5. The reaction products of ozone and gasoline at concentrations which one 
might expect to find in intense Los Angeles smog produce much less eye irritation 
than either the old-formula or the new-formula artificial smog. 

6. The new-formula artificial smog, in which the aldehydes are produced by the 
reaction of gasoline and ozone, seems to have more nearly the odor of natural smog 
than does the old-formula smog. 

It is important to note that intense natural Los Angeles smog seems to be more 
irritating than the artificial smog. The reason for this difference remains to be 
found. Two possibilities are that concentrations of certain contaminants are lower 


in the artificial smog than in Los Angeles smog, and that contaminants which pro- 
duce irritation remain to be identified. 


Mrs. Myra Rolston prepared and analyzed many of the atmospheres. Mrs. Rachel Thomas 
scheduled the test panel. J. A. MacLeod helped with the design of much of the apparatus. 
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New Instruments and Technics 


DETERMINATION OF NAPHTHALENE IN AJR 


M. CHAIN ROBBINS, B.S. 
LOS ALAMOS, N. M. 


Naphthalene is rather widely used in industrial processes: For instance, it is used in the 
manufacture of synthetic resins, dyes, naphthols, celluloid, lampblack, and smokeless powder, 
also in the production of maleic, malic, and phthalic acids. It has also found wide use as 
a moth repellent, as a preservative, a disinfectant, and an illuminant. 

Cases of poisoning! have been reported which are attributable to the inhalation of naph- 
thalene fumes and the ingestion of naphthalene itself, but they have generally occurred when 
it was being used in the home as an insect repellent rather than through industrial use. 
Inhaled naphthalene fumes produce visual disturbances, headache, nausea, vomiting, profuse 
perspiration, hematuria and slight edema. Taken internally by mouth naphthalene produces 
gastric and urinary disturbances.” 

It became necessary to develop a method for determining rapidly small amounts of naph- 
thalene in air. Preliminary studies had indicated that the picrate* and nitration * methods 
not only were too time-consuming but also were not sensitive enough to detect the low concen- 
trations of naphthalene sampled. At the suggestion of Dr. Leslie Silverman of the Harvard 
University School of Public Health, we have used a modified Denigés’ reagent for the colori- 
metric determination of % to 10 parts per million (p.p.m.) of naphthalene by reacting a 
suitable aliquot of alcoholic naphthalene solution with 5 ml. of the reagent, which contains 
1 Gm. of paraformaldehyde in 25 ml. of sulfuric acid and 75 ml. of phosphoric acid. This 
is a modification of the method used for the determination of benzene by the British Depart- 
ment of Scientific and Industrial Research.5 


REAGENTS 
The sulfuric acid-phosphoric acid-paraformaldehyde reagent was made fresh for each set of 
analyses by dissolving 1 Gm. of paraformaldehyde ® in 25 ml. of sulfuric acid (specific gravity, 
1.84) and diluting with agitation to 100 ml. with 85 per cent phosphoric acid. A model 6A 
Coleman Jr. spectrophotometer was used for reading the optical densities. 
Air samples were collected with a midget fritted bubbler using an M.S. A. midget impinger 
pump. The collecting medium was 10 ml. of 95 per cent ethyl alcohol. 


Mr. Robbins is a member of the Industrial Hygiene Group, Los Alamos Scientific Labora- 
tory, University of California. 


Read at the meeting of the Rocky Mountain Section, American Industrial Hygiene Associ- 
ation, Santa Fe, N. M., March 31, 1950. 


This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the Los Alamos Scientific Laboratory, University of California, Los 
Alamos, N. M. 


1. Konar, R., and De: Naphthalene Poisoning, Indian M. Gaz. 74:723, 1939. 
2. McNally, W. D.: Toxicology, Chicago, Industrial Medicine Publishing Company, 1937. 


3. Colman, H. G., and Smith, J. F.: Estimation of Naphthalene in Coal Gas, J. Soc. Chem. 
Indust. 19:128, 1900. Colman, H. G.: Estimation of Naphthalene in Coal Gas, Gas J. 144: 
231, 1918. 


4. Dobrowolskaja, W. W.: Ausarbeitung einer Methode zur Bestimmung kleiner Naph- 
thalinmengen in Luft, Chem. Zentralbl. 1:2512, 1940. 


5. Methods for the Detection of Toxic Gases in Industry, Great Britain Department of 
Scientific and Industrial Research, Leaflet no. 4, Benzene Vapour. 


6. The paraformaldehyde may be obtained from the Eastman Kodak Company. 
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PROCEDURE 

A sampling rate of 1% to 2 1. of air per minute was used in collecting the samples. 
Sampling 20 1. will give enough measurable naphthalene even if the concentration is as low 
as 0.001 mg. per liter of air. 

Five milliliters of the paraformaldehyde-acid solution was pipetted into 19 by 105 mm. 
cuvettes. One milliliter aliquots each of the sampling solutions and of a series of standards 
(ranging from % to 20 p.p.m.), as well as a blank, were then pipetted into the cuvettes. 
These reaction mixtures were stirred and heated in a suitable bath at 115 to 125 C. for 10 
to 12 minutes. The cuvettes were then removed from the bath and allowed to come to room 
temperature before reading the optical densities at 700 m#. The optical densities of the 


Observed Concentrations of Naphthalene 


Concentration of Naphthalene * 


Existent Conditions and Location of Sampling Maximum Minimum Average 


400 Ib. (181 kg.) of naphthalene at room tem- 6.1 2.2 42 
perature (25 C.) and 10 to 20 Ib. (4.5 to 9 kg.) 
molten naphthalene present. General room 
ventilation rate, 2,300 efm. General room air 
samples 


400 Ib. of naphthalene at room temperature 
(25 C.) and 10 to 20 Ib. of molten naphthalene 
present. Local exhaust ventilation installed 
and turned on. General room air samples 


400 Ib. of molten naphthalene enclosed in tank 
with all exhaust ventilation turned on. Gen- 
eral room air samples 


400 Ib. of molten naphthalene in the tank with 
the lid fully open. All exhausts were on. 
Irritation of eyes was very noticeable. The 
maximum value represents an air sample 
within a 6-ft. radius of the tank. The 
a represents a sample beyond that 
radius 


400 Ib. of molten naphthalene in the tank with 
the lid open 6 in. (15 em.). Local exhaust 
ventilation on. Sampled at tank opening 


400 Ib. of naphthalene at approximately 55 C. 
uncovered in the room. Local exhaust ven- 
tilation turned on. The maximum value 
represents the concentration to which the 
operator was exposed when working within 
3 ft. (91.5 em.) of the naphthalene, and the 
minimum represents a general room air sample 


Cleaning of molten naphthalene from the tank. 

e@ maximum represents the concentration 

to which the operator was exposed at the 

tank’s edge when dipping out the molten 

naphthalene. The minimum represents a gen- 

eral room air sample. Local exhaust ven- 
tilation on in both eases 


| 
| 


* The concentration is expressed in parts of naphthalene vapor per million parts of air by volume. 
+ General room samples are taken at the breathing level of the operators. 


standards are plotted against concentration, and the unknowns are read from the graph. 
It is advisable to run a set of standards with each set of unknowns because the slope of the 
line appears to vary as a function of bath temperature. 


COMMENT 
Fresh formaldehyde-acid solution is necessary, for on standing more than three or four hours 
the solution often becomes turbid. Ninety-five per cent alcohol is used to sample and to dissolve 
the standards because the absolute alcohol obtained commercially sometimes contains traces 


of benzene, which reacts with the sulfuric acid-formaldehyde mixture in the same manner 
as naphthalene. 


FIELD INVESTIGATION 
In a room 15 by 20 by 12 ft. (4.5 by 6 by 3.5 m.) where 10 to 20 Ib. (4.5 to 9 kg.) of 
molten naphthalene and 50 to 100 Ib. (22.5 to 45.5 kg.) of solid naphthalene are handled in 
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uncovered containers and where there is a general ventilation rate of 2,300 cu. ft. (67 cu. m.) 
per minute, average room concentrations of 2 to 6 p.p.m. were observed (table). With the 
installation of local exhaust ventilation, the concentrations were reduced to 0.3 to 0.9 p. p.m. 
It is of interest to note that even at these lower levels the odor of naphthalene is still per- 
ceptible. Since this is a research operation, a variety of processes are carried on, sometimes 
resulting in high local concentrations in the working area. A full face cannister-type mask 
is worn under these circumstances. In pursuance of the suggestions of Patty,’ a tentative 
maximum permissible concentration of 25 p. p.m. was adopted. This level is still somewhat high 
on a basis of sensory effects, since distinct irritation of the eyes is noticeable when concen- 
trations exceed 15 p. p.m. 


The analytical method has a sensitivity limit approaching 2 ug. of naphthalene with a 
reproducibility of 10 per cent. Its comparative simplicity and sensitivity recommend it for 
use wherever the determination of atmospheric naphthalene is necessary. Further work is 
being done on improvements of sampling techniques and control methods. 


7. Patty, F. A.: Industrial Hygiene and Toxicology, New York, Interscience Publishers, 
Inc., 1949, vol. 2, p. 771. 
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Abstracts from Current Literature 


General 


SIGNIFICANT ROENTGEN Frinpincs 1x Routine PRE-EMPLOYMENT EXAMINATION OF THE 
LuMBOSACRAL SPINE: A PRELIMINARY Report. M. L. ALLEN and M. C. Linpem, Am. 
J. Surg. 80:762 (Nov. 15) 1950. 


A roentgenologic examination of the lumbosacral part of the vertebral column has been 
included in the routine preemployment physical examination in a large industrial plant. This 
examination consisted of exposing 7 by 17 in. (17.5 by 43 cm.) films in the anteroposterior and 
lateral projections, with the individual recumbent on the table. 

The present report is a critical analysis of the pathologic conditions and anomalies encoun- 
tered in the examinations of 3,000 male applicants. 

Osteoarthritis of the lumbar portion of the spinal column was the condition encountered 
most frequently (408 cases, or 13.6 per cent). The high incidence of this condition can be 
explained by the fact that many of these individuals had been farmers, ranchers, miners and 
day laborers, and in such occupations they had performed heavy manual work. The roentgeno- 
graphic manifestation of this condition consisted of lipping and osteophyte formation of the 
bodies of the involved vertebrae, eburnation of the facets and in many cases actual bony bridging 
between the vertebral bodies. 

Narrowing of the space between two vertebral bodies, which is interpreted as indicative 
of degenerative changes in the intervertebral disk at this level of the spinal column, was seen 
in 34 cases (1.13 per cent). 

Wedging or narrowing of a vertebral body, which was found in 70 cases (2.33 per cent), 
was interpreted as indicative of a healed crush fracture. However, it is quite possible that in 
some cases this finding may have been due to healed compression fracture (Kiunmell’s disease). 

Congenital and developmental anomalies were seen in about 15 per cent of the men, but 
it should be borne in mind that the lumbosacral portion is the site of more anatomic variants 
and anomalies than any other portion of the bony skeleton. 

Besides the scientific medical data revealed by this study, the roentgenologic examination 
of the lower part of the vertebral column has several practical advantages from an industrial 
standpoint. The examination constitutes a permanent record of the condition of an employee’s 
spinal column at the time of his initial employment and hence should be useful in the evaluation 
of subsequent injuries and morbid conditions involving this portion of the bony skeleton. It 
should enable the medical department to see that men with potentially weak backs are either 
rejected or assigned to jobs compatible with the ability of the individual’s spinal column. The 
examination should also be of great assistance in the adjudication of medicolegal problems 
arising during the periods of the individual’s employment. 


‘ 


IN Funcrionat OccupaTionAL THERAPY. S. Meap and A. Hare, Arch. Phys. 
Med. 31:753 (Dec.) 1950. 


According to Mead and Harell, failures in functional occupational therapy concern mainly 
two groups of problems, namely, those which are of primary concern to the physician as well as 
to the patient and the therapist, and those which are of primary concern to the patient and the 
therapist. 

The financing of occupational therapy and the relative ineffectiveness of functional occu- 
pational therapy belong to the first group. No consumer ever believes in the value of a com- 
modity for which he does not directly pay. At present the patient usually pays by a species of 
hidden taxation, so that he is unaware that he is paying. The technics of occupational therapy 
are much better suited to gains in endurance and work tolerance, coordination and manual 
dexterity than to increases in strength and joint range. 

Lack of respect for the therapist as a craftsman, the poor salesmanship of cluttered feminine 
pursuits and recreational taint, and the conflict between patient and therapist over choice of 
work and its completion, belong to the second group of problems. 


88 


— 
4 
q 
a 
| 
a 
ts 
i, 
: 
 &§ 
| 
% 
4 ‘ 
uz 
|_| 
ae 


ABSTRACTS FROM CURRENT LITERATURE 89 


The authors feel that functional occupational therapy can be improved by (1) resolutely 
charging the patient on a cost-accounting basis; (2) allowing the patient's choice of craft or 
activity to prevail—within limits—over the functional objective; (3) working primarily for 
endurance, coordination, and manual skill; (4) supplying yardsticks of improvement, such as 
goniometrics and score sheets for self care; (5) supplying plastic splints, supports and other 
aids not readily supplied by bracemakers and other agencies; (6) sharply concentrating personnel 
and space to the necessary minimum and activities to those in which the therapists are highly 
proficient. 


HEALTH oF FERROUS FouNDRYMEN IN ILLINots, P. H. S. Publication no. 31, United States 
Public Health Service and Illinois Department of Public Health, 1950. 


This report presents the engineering and medical findings in 18 representative ferrous 
foundries in Illinois by members of the United States Public Health Service and the Illinois 
Department of Public Health. 

Included in the engineering surveys are determinations of free silica in molding and core 
sands, in parting compounds, in air-borne dust at various operating locations throughout the 
plants, and in settled rafter dust. Air-borne dust particle size distributions are computed from 
Dunn cell counts. The amounts of silica and iron dust are found to vary with operations, 
high values of silica being associated with mechanical shakeout and high values of iron with 
chipping and grinding. Dust concentrations similarly vary with operations, higher values 
being found when sand slingers and mechanical shakeouts are used. Three of the 18 foundries 
are found to use high silica parting compounds, in excess of 8 per cent. Other environmental 
conditions, such as ventilation, lighting, sound levels and employee sanitary facilities, are 
evaluated and recommendations discussed. 

The medical studies include 1,937 males in 16 plants. Case histories, occupational histories, 
medical examinations, body fluids, vital capacity and chest roentgenograms are all employed 
to determine health conditions. Pulmonary fibrosis of nodular class is reported in 1.5 per cent 
and of ground glass class 2, in 7.7 per cent, of 1,824 roentgenograms taken. An increase of 
blood pressure, total leukocyte count and erythrocyte sedimentation rate is shown to be associated 
with increasing fibrosis. From the occupational histories of 28 workers it is determined that 
14 or more years of exposure to foundry dusts are required to produce nodular silicosis. Tuber- 
culosis is found to be of similar incidence in the general population of this area. Dermatitis of 
probable occupational origin is reported in 1.7 per cent, and attrition of tooth surfaces by 
mechanical action of the dust is found in 19.1 per cent of all foundrymen examined. Other 
physiological factors are comparable to those of workers in allied industries. 


Cuarces E. Boston. 


A ConTRIBUTION TO THE STUDY OF OccUPATIONAL Ear DiseASE: AUDIOMETRIC RESEARCH ON 
CLEANERS AND TRIMMERS. G. MANCIOLI, Rass. med. indust. 18:233-250 (Nov.-Dec.) 1949. 


In order to ascertain the influence of occupational trauma on hearing the author has under- 
taken a systematic clinical and audiometric examination of a group of cleaners and trimmers, all 
from the same occupational environment. All these workmen were exposed to constant noise 
of a high degree of intensity during their working hours. 

In the foundry, the workmen used pneumatic hammers whose speed varied from 600 to 
6,000 strokes per minute, and the vibration from these drills was transmitted not only through 
the ground but also directly to the body of the operator through the hands and arms. The work 
raised great quantities of dust, which, when inhaled, caused catarrh of the upper respiratory 
passages, and this frequently spread to the middle ear. 

It was found that these stimuli resulted in deafness characterized by an insidious onset and 
steadily progressive development if the workmen were not immediately withdrawn from their 
surroundings. According to modern views, the labyrinthine damage would be caused in two 
ways: first, by aerial conduction of high-pitched sounds and, second, by bony conduction (through 
the ground and from the pneumatic drill) of low-pitched sounds. In addition to the damage 
done to the internal ear by noise, inflammatory catarrhal infection of the middle ear was caused 
by the dust inhaled during work. 
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In contradistinction to the opinion once held, it was found that the acoustic trauma can 
extend to the vestibular mechanism, causing giddiness of varying degrees. This may arise after 
a number of years and without any other symptoms. 

In his investigations, the author naturally excluded the possibility of any organic ear disease. 

Prophylaxis was found to be a difficult and complex problem. The wearing of caps of light 
material in several layers to cover the ears was thought to afford some protection against aerial 
conduction, while the use of felt or rubber shoes might reduce the vibrations conducted through 
the ground. To avoid vibrations conducted by bony transmission from the hands, Trambitsky 
has claimed good results from wearing felt gloves. Other factors requiring consideration are 
the construction of workshops, the material used in the machines, periodical examination of 
workers and the withdrawal of those showing signs of early deafness. 


G. M. Frizette [Butt. Hye.]. 


Occupational Diseases and Hazards 


Actuat Causes oF CERTAIN OccuPATIONAL DerMatoses: II]. A FurtHer Stupy wIitH 
SpectaAL REFERENCE TO Errect OF ALKALI ON THE SKIN, Errect oF Soap ON PH oF SKIN, 
Mopern Cutaneous Detercents. J. V. KLauper and B. A. Gross, A. M. A. Arch. 
Dermat. & Syph. 63:1 (Jan.) 1951. 


Klauder and Gross present observations on an additional 1,412 patients who presented claims 
for compensation under the Pennsylvania law. The cases previously reported and those now 
reported total 3,709. The diseases of 1,673 (45.08%) were diagnosed as occupational and those 
of 2,036 as nonoccupational. 

The causes of the occupational dermatoses of the 1,673 are classified as follows: primary 
irritants (acids, alkalis, ‘and solvents [nonaqueous]), 28.6%; traumas and accidental injuries, 
22.6% ; sensitizing substances, 13.6%; wet employments (water alone, soap and water, and 
alkaline salt detergents), 13.1%; cleansing agents applied to the skin, 10.7% ; petroleum products 
and other causes (hydrochlorinated hydrocarbons, vegetable oil, and dust) of folliculitis, 9.2% ; 
physical and biologic agents, 2.2%. 

Burckhardt’s test of the ability of the skin to neutralize alkali and his test of its sensitivity 
to alkali are discussed. The pH of the hands of normal persons ranged from 4.5 to 6.5, and 
that of the sweat-bathed skin was lower. The increase in the pH of hands that had been 
exposed to alkali and the duration of such increase are in relation to the duration of continuous 
exposure, frequency of intermittent exposure, and degree of alkalinity to which the skin is 
exposed. The most pronounced change of pH and duration of change were observed in two pot 
and pan washers. It required about 20 hours after cessation of soap-solution exposure for the 
pH of the hands to attain the normal range. The role of the buffer action of sweat and the 
effect of buffer agents on the pH of the hands after alkaline-solution exposure were studied. 

The pH of the following commercial detergents was determined: 7 nonsoap detergents advised 
for dermatitic hands, 103 hand cleansers for industrial workers, and 19 nonsoap detergents for 
kitchen and household purposes. Of the hand cleansers for industrial workers, 94 were alkaline 
and 57 were gritty powders which predominantly contained one or more of the alkaline salt 
detergents. 

Abrasive pastes and abrasive cake soaps are now losing popularity and the use of gritty 
powders and soapless detergents is increasing, but the authors see no great differences between 
many of the gritty powders employed by industrial workers as hand cleansers and soap powder 
and washing powder employed for kitchen and household purposes. As a hand cleanser soap has 
been partly displaced by the alkaline salt detergents, synthetic detergents, and petroleum solvents. 
The authors see little difference between some of these cleansers and kerosene and gasoline used 
as hand cleansers. 

Other alkaline substances to which the worker is exposed are some protective (barrier) cream 
and hand lotions, soluble cutting oils containing alkyl sulfonate or sodium sulfonate detergents, 
mineral oil (the pH of the. one the authors prepared in a 2% solution in water was 8.8), 
and ammonia water and sodium hypochlorite. The pH of one commercial preparation was 
12. The authors stress the desirability of employing a buffer solution after prolonged or 
intermittent exposure to alkaline substances. 
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PROTEIN FRACTIONS IN SILICOSIS AND SILICOTUBERCULOSIS. 
& Bakt. 133:265 (no. 4) 1950. 


According to Bauer, tuberculosis causes the deaths of 60 to 65% of workmen with silicosis. 
Early diagnosis of this grave inflammatory complication of silicosis thus presents an important 
but difficult problem. Roentgenograms, clinical manifestations, tuberculin tests, and serologic 
reactions are frequently of little aid in diagnosis. The erythrocyte sedimentation rate may be 
of considerable aid, but a normal rate may be observed in 20 to 30% of cases complicated with 
tuberculosis in the active stage. A normal rate is not to be considered as definite proof of the 
absence of an inflammatory complication of silicosis. 


H. Baver, Arch. f. Hyg. 


Blood protein fractions behave differently in the presence of an exudative inflammatory 
process and in the presence of a proliferative-cirrhotic inflammation. Fibrinogen and globulin, 
particularly the alpha and beta fractions, but also one part of the gamma fraction, are increased 
at the expense of proteins in the presence of exudative inflammatory processes. One may speak 
of a deviation to the left of the blood protein spectrum. The gamma globulin fraction is 
primarily increased in the presence of chronic inflammation with productive and cirrhotic 
processes. A significantly shortened Weltmann’s coagulation band of four and less was observed 
in 81 of 600 cases of silicosis. Forty-one of the 81 patients had tuberculosis, 17 were strongly 
suspected of having tuberculosis in the active stage, and five had other inflammatory complications 
of exudative character. Fifty-eight of the 63 patients with inflammatory diseases had tuber- 
culosis. Weltmann’s reaction, however, may be apparently normal in many cases of severe 
silicotuberculosis. Additional tests, such as the Costa test, the cadmium sulfate reaction, and 
Napier’s aldehyde test may be of value in the determination of deviation of the gamma globulin. 
A strongly positive Costa reaction in the presence of a normal erythrocyte sedimentation rate 
was observed in 27 of 237 cases of silicosis. Of the 27 patients six had tuberculosis in the active 
stage. Experiences with the cadmium sulfate reaction were less unequivocal. Napier’s aldehyde 
test was strongly positive in 13 of 100 cases of silicosis; massive inflammatory processes could 
be demonstrated in 12 of the patients, and 8 of them had tuberculosis in the active stage. The 
Costa test, the cadmium sulfate reaction, and Napier’s aldehyde test may provide greater certainty 
in the recognition of exudative inflammation in those cases in which Weltmann’s test remains 
silent. 

Riebeling’s hydrochloric acid-collargol reaction was studied in 100 cases of silicosis and in 
cases of silicotuberculosis. The reaction was positive in two-thirds of the cases in which tuber- 
culosis was present in the active stage, but was occasionally negative in cases in which tuber- 
culosis was severe. The reaction, however, was strongly positive in cases of silicosis with severe 
hepatic impairment and with cardiac decompensation. This reaction may be of considerable 
help in the evaluation of the prognosis and in determining liver damage resulting from disturb- 
ances of circulatory function in silicosis. 


A CoMPARISON OF THE RADIOLOGICAL AND PATHOLOGICAL CHANGES IN CoaL WorKERS: PNEU- 
MOcONIOsIS. J. GoucH, W. R. L. James, and J. E. Wenrwortn, J. Fac. Radiologists 
1:28 (July) 1949. 


In order to test the reliability of chest roentgenograms in the diagnosis of coal miners’ 
pneumonoconiosis and their value in the assay of lung damage produced by this disease, the 
authors prepared at autopsy “whole” sections of lungs from 76 South Wales coal miners and 
compared these with chest roentgenograms taken on the same patients during life. In most of 
the cases of moderate or severe pneumonoconiosis a fairly good correspondence was observed 
between the number of opacities seen in the roentgenograms and the number of coal nodules 
found in the lungs. Where there were only slight pathological changes, there were often no 
recognizable changes in the roentgenograms. Severe focal emphysema produced a sharply 
defined network appearance in some of the roentgenograms, but often this pathological manifesta- 
tion had no roentgenological counterpart. The large focal shadows of infected pneumonoconiosis 
were occasionally mistaken for carcinoma of the bronchus, and there appeared to be nothing to 
distinguish the diffuse focal shadows of simple pneumonoconiosis from those of miliary tuber- 
culosis. The authors conclude that the roentgenological appearances of coal miners’ pneumonoco- 


niosis, though typical, are not diagnostic. yon a 
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PANEL oN EprmpEMIoLocy, INCLUDING ENVIRONMENTAL AND OCCUPATIONAL CANCER. 
Hueper and others, Proc. Nat. Cancer Conf., 1949, p. 244. 


The following forms of occupational cancer are discussed: bladder tumors from f naphthyla- 
mine and benzidine; skin cancer from petroleum fractions, shale oil, arsenicals, and radiation; 
lung cancer from chromates, asbestos, and nickel carbonyl; bone cancer from radium. The 
possibility is being investigated that cancer may be produced by bars containing radium used to 
prevent accumulation of static electricity in textile and printing plants. Beryllium compounds 
are reported to have produced tumors in animals and pulmonary disease but thus far no tumors in 
man. 


Wc 


Marion Horn Peskin [CuHem. Apsst.]. 


A Stupy oF THE EFFICIENCY oF Groups oF EX-MrINeRS DISABLED BY PNEUMOCONIOSIS 
Licut Inpustries In SoutH Wates. J. A. P. Treasure, Brit. J. Social 
Med. 3:127 (July) 1949. 


For the purposes of the investigation reported, certification by the Silicosis Medical Board 
was taken as defining “disabled by pneumoconiosis” and absence for sickness as the measure of 
efficiency. Certified and uncertified sickness were considered separately. The statistical inquiry 
was supplemented by collecting opinions from the employers. It was found that the difference 
between the disabled men and a control group of fit men (matched for age distribution) was not 
sufficiently distinct, in either class of absence, to be statistically significant. The subjective 
opinions collected confirmed the fact that employers were not conscious of any difference. In 
each of three successive years the disabled men had slightly more uncertified sickness than the 
fit men, and slightly less certified sickness; but this trend was again found to be statistically 
nonsignificant. No difference in industrial behavior could be detected between men in receipt of 
weekly compensation and those who had éompounded for a lump sum. 


The study is confined to a small number of small groups, all employed in light factory work. a 
Such evidence as is available, however, gives no reason to regard the factories studied as 4 
exceptional. 


Avice M. Stewart [Butt. Hye]. 


PNEUMONOKONIOSIS IN QUEENSLAND FounpRIEs. 
1950. 


D. Gorvon, M. J. Australia 2:217 (Aug. 5) 


Gordon says that all Queensland foundries, 76 in all, were investigated with regard to the 
pneumonoconiosis hazard. Among a working population of 1,118 there were 388 who had 
worked sufficiently long in foundries to make the development of pneumonoconiosis a possibility. 
Of the 388 foundry workers eligible for the survey, 359 agreed to cooperate. From these, 
occupational and medical histories were obtained; the patients were examined, and large roent- 7 
genograms of their chests were taken. At the same time all foundries were inspected, and | 
dust surveys were carried out in approximately 15 of them. Thirteen cases of silicosis were 
discovered ; in addition, eight workers were eventually considered to present “doubtful” involve- i 
ment. Ten of the silicotics were considered to have “early” lesions. The great majority of oy 
subjects whose silicotic involvement was “positive” were elderly, and were foundry dressers or 4 
furnace men. Thus it seems that steel dressers and furnace men are exposed to the severest 
dust hazards. 

Comparing his observations with those reported in other surveys, the author concludes that 
in Queensland foundries the incidence of pneumonoconiosis is not high. Furthermore, he thinks 
that it is wrong to regard the man with early silicosis as an invalid. 


PREVENTION OF SILICOSIS. 
J. 60 (II) :807, 1950. 


D. Evans and W. ScHWeIsHEIMER, South African Mining Engin. 


The problem of pneumonoconiosis in the wider sense is discussed and the status of diagnosis, 
treatment, and prevention compared between England, the United States, and South Africa. 
Prevention of silicosis should principally consist in removal of all harmful dust concentrations, 
i. e., with more than 15-20% silicon dioxide, exceeding 5 million particles per cubic feet of air. 
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Inhaling aluminum for prevention and treatment of silicosis is considered very helpful. In 
treating, the use of a nebulizer to introduce drugs into the respiratory tracts in the form of a 
fine mist proved effective only in combination with a valve introducing the mist under pressure 
and doing the miner's breathing for him if the disease has progressed so much as to impair the 
elasticity of the lungs. 


M. [CuHeEm. Asst.]. 


BEHAVIOR OF THE CIRCULATING BLOop AND oF BONE MArRow IN Sixicosis. S. Caccurt and 
G. Graziani, Arch. mal. profess. 11:5-12, 1950. 


The claim is made that free silica which gains access to the body can, and does, damage other 
organs and tissues in addition to the lungs, where the damage falls mainly, because silica is 
inhaled as dust. Various authors have stressed this claim and are quoted. Then the authors 
report the findings of a complete examination of the circulating blood and the bone marrow of 
12 men with uncomplicated silicosis, acquired while they were manipulating refractory material. 
Bone marrow was obtained by sternal puncture. The observations are presented in tables 
showing for each man notes regarding all the different blood cells. The number of red cells 
was somewhat below normal, varying between 4 and 5 million in 10 cases; in two instances it 
was high, but one of the patients was an asthmatic with emphysema and the other had myo- 
carditis. The number of white cells oscillated between 3,800 and 8,400 per cubic millimeter ; 
only one patient exhibited leukopenia. Eosinophilia was noted in only two cases. Platelets 
showed a tendency to reach low values. These studies establish the fact that silica sets up changes 
in the blood and the blood-forming organs; it reacts in particular with the reticuloendothelial 
system, which absorbs it. Histiocytosis, medullary hypoplasia, the presence of Rieder cells and 
eosinophilia, as well as an increase in the rapidity of erythrocyte sedimentation, may all be 
regarded as indications of fissue reaction to silica powder. An important point not previously 
reported, is the presence in the circulating blood of young nucleated red cells (target cells). A 
mild degree of anemia of secondary type was seen, in most cases, accompanied by an increase 
in leukocytes with toxic granulations. The bone marrow showed few variations other than toxic 
granulations in the promyelocytes, myelocytes, metamyelocytes and polymorphonuclear cells. 


ADAPTED FROM BuLL. Hye. 


A Case or TaLcosis CONFLUENT IN Type. CAVIGNEAUX, CHARLES, Fucus, and Tara, Arch. 
mal. profess. 11:34-38, 1950. 


After quoting from literature to show that, while most authoritis have regarded tale dust 
as innocuous, others have been less definite in their conclusions, a case is fully reported of a 
woman who had been exposed for more than 20 years to talc dust. She had to apply tale freely 
to rubber teats to prevent them sticking together and was constantly in a veritable cloud of dust. 
Working for the same firm for 29 years, she had experienced normal health until she came under 
observation in 1949. Nothing abnormal was found then until the chest was examined by 
roentgenogram. Then the appearance of fine nodulation was noted throughout both lungs, with 
some denser opacities at their summits, hard to define; tomography, especially when deep, 
disclosed two similar masses with irregular circular outline occupying all the upper part of both 
pulmonary fields. (Tomographs are reproduced.) They resembled the confluent masses seen in 
pronounced silicosis. Careful consideration of these findings and elimination of all other possible 
diagnoses led the authors to arrive at a diagnosis of talcosis. The only symptom experienced 
by the patient had been mild dyspnea during two years; but even this has disappeared. The case 
is claimed to be unique, and is hardly sufficient on which to base a conclusion that tale is really 
an injurious dust. It only raises the question. E. L. Conus [Bui Hye]. 


RADIOKYMOGRAPHIC STUDY OF MOVEMENTS OF THE DIAPHRAGM IN Siticotics. S. pt Lauro and 
L. pt GuGLieLmo, Folia med. 33:16, 1950. 


Studies of 12 silicotic patients in all stages of the disease showed that the movements of the 


diaphragm were normal. Butt. pe Doc. Mép., Inst. p'HyGreENe pes MINEs. 
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Environmental Conditions 


PROCEEDINGS OF THE Mipwest Power CONFERENCE: VOLUME 12. SpoNnsoRED By ILLINOIS 
INSTITUTE OF TECHNOLOGY WITH THE COOPERATION OF OTHER SCHOOLS AND OTHER 
ORGANIZATIONS, 1950. 


Three of the numerous papers in this volume deal with air pollution. . 

“Smoke Abatement Engineering,” by H. B. Lammers, pp. 309-313: The work of the Coal 
Producers Committee for Smoke Abatement is described. It consists of surveys, consultations 
on air pollution problems, and recommendations for abatement. It is emphasized that solutions 
of the problems of various cities may differ greatly, according to local conditions. Eight points 
included in a sensible approach to the air pollution problem are (1) facts, not hearsay; (2) 
attention to engineering, equipment and education; (3) consideration of economic factors; (4) 
emphasis on administrators rather than on legislation; (5) acceptable standards; (6) differenti- 
ation between nuisance pollution and health factors; (7) public support; (8) cooperation of 
experts in all fields. 

“Field and Laboratory Methods of Air Pollution Study,” by D. L. Magill and R. W. Benoliel, 
pp. 314-320: This is a brief preliminary report on the study of air pollution made in Los Angeles. 
The gaseous contaminants accurately measured include sulfur dioxide and trioxide, ammonia, 
aldehydes, and (maxima only) oxides of nitrogen and filtrable oil. A number of other contami- 
nants are known to exist, and six others are found occasionally. The five types of particles 
include (1) carbon and metal particles; (2) transparent, light-scattering crystals; (3) small 
water-soluble and oil-soluble particles and oil droplets; (4) substances capable of forming 
moisture droplets in the air; (5) large soluble crystals. Types 1, 2, 4 and 5, in varying degree, 
account for most of the lack of visibility. Tests show that no one contaminant is responsible 
for irritation of the eyes; it apparently results from a number working together. 

“Industry’s Attack on the Air Pollution Problem in Chicago,” by G. Baumgart and W. C. 
McCrone, pp. 320-329: Atmospheric pollution in Chicago is described, and the work done by 
the public and by industry toward the abatement of pollution is reported. Costs to the city and 
to industry are discussed. “We must devise new equipment and techniques which are inexpensive, 
practical, or even profitable. Here is another opportunity for research.” 


Inpust. Hye. DicEst. 


ProBLeMS OF AIR POLLUTION. 


Auten D. Branort, Iron & Steel Engineer 27:2-12 (June) 1950. 


According to the author, atmospheric pollutants consist primarily of (1) smoke and particulate 
matter resulting from incomplete combustion of fuels, and (2) fumes, mists, gases and dusts 
produced by industrial operations. Illustrative data are presented showing sootfall and concen- 
tration of gaseous contaminants in several industrial areas in the United States. Meteorology 
and topography are related to concentrations of air-borne contaminants. 

The effects of air pollution are discussed under five main headings: nuisance, economics, 
health, vegetation and animals. 

Control methods pointed out include substitution, conversion, retention and dispersion, with 
emphasis on the latter two. 

Need for proper selection of and further research on commercial air cleaners and the 


necessity for competent legal handling of pollution problems are discussed. (Thirty-three 


references.) R. Dennis, Boston. 


ENVIRONMENTAL CONDITIONS IN THE MERCURY MINE oF Iprta. V. B. Vouk, M. Fucas and 
Z. Topoinik, Brit. J. Indust. Med. 7:168 (Oct.) 1950. 


Three hundred and five cases of mercurialism have been reported from Idria during the 
period 1946 to 1950. Mercury exposures were estimated to be 0.05-5.9 mg./M.® in the mines 
and 0.17-1.1 mg./M.* in the smelting plant. Cinnabar dust may account for some of the high 
readings, but for the most part they represent vapor and droplets of native quicksilver present 
as an aerosol or adhering to air-borne dust. Medical control consists of periodic physical 
examinations and frequent alternation (every four days or less) of workers at the most exposed 
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places. As a result of the study, mechanical ventilation of the mines and supplied air respirators 
were recommended. Detailed tabulations of ore composition, work operations, atmospheric 


mercury concentration, etc., are included. M. Finst, Boston 


Determination of Air-Borne Contaminants 


Tue Mass SPECTROMETER AS AN ANALYTICAL Toot IN INDUSTRIAL Hyciene. G. P. Happ, 
D. W. Stewart and H. F. Brockmyre, AIHA Quart. 11:136 (Sept.) 1950. 


An interesting study of the use of the mass spectrometer for analysis of mixtures of solvents 
is presented. The method allows determination of closely related compounds which are extremely 
difficult to differentiate by chemical methods. The equipment necessary and the principle of 
operation are described. Several interesting examples and a comparison of the results obtained 
by chemical methods and by the mass spectrometer are given. The author emphasizes clearly 
the versatility of the mass spectrometer for industrial hygiene use. The high cost of the 
instrument ($30,000) somewhat limits the availability of the method for general work at the 


GLENN A. Jounson, Arlington, Mass. 


FUNDAMENTALS OF POLAROGRAPHIC ANALYSIS. Lynn D. Witson, AIHA Quart. 11:154 
(Sept.) 1950. 


The fundamental theory of polarography, the instrumentation necessary, and the methods and 
applications of polarography are discussed. The types of instruments available are described. 
Examples of some of the characteristic problems which can be solved by polarography are given. 
The versatility and the sensitivity of the method for both qualitative and quantitative determin- 
ations are pointed out, and the potentialities of these methods for industrial hygiene are stressed. 
The polarograph is especially well suited for the determination of metals; the application to 
many organic compounds will require the development of suitable procedures for analysis. 


GLENN A. Jounson, Arlington Mass. 


Tue DETERMINATION OF THE Mass CONCENTRATION OF ArIR-BorNE Dusts: AN APPARATUS 
FOR THE SUBLIMATION OF VOLATILE FILTER Bases. P. F. Hott, Bull. Inst. Min. & Met., 
1950, no. 518 (Jan.), pp. 1-2. 


For the determination of the mass concentration of air-borne dust much use has been made 
of the naphthalene filter as a sampling device. The naphthalene filter pad is volatilized by the 
application of gentle heat, and the residual dust is then weighed. In the present paper the author 
describes an apparatus for the sublimation of volatile filter bases. It is made of pyrex® glass. 
A heating tube is jacketed by a wider tube, and the jacket is connected to a flask and a reflux 
condenser. The heating chamber is maintained at a fixed temperature by refluxing a liquid of 
suitable boiling point. For use with naphthalene a suitable liquid is ethyl acetate. The apparatus 
can be run overnight without attention, so that much working time can be saved. 


Tuomas Beprorp Hye.] 


Hicu Erriciency CoLiection or Rapioactive Dust. KNow.ton J. Capitan, Heat. & Vent. 
48:79-82 (Feb.) 1951. 


Caplan describes the Hersey reverse-jet filter and performance data for typical installations 
collecting radioactive dusts. Efficiency varied with loading (0.07 to 32.4 grains per cubic foot 
[0.13 mg. to 60 mg. per cubic meter]) and ranged from 99.946 to 99,998 per cent. Comparative 
information for a cloth screen and porous carbon filter are also tabulated. Particle size data are 
not given. Effect of flow rate (16 to 28 cfm per square foot of cloth) and loading (up to 
100 grains per cubic foot [1.35 Gm. per cubic meter]) on bag resistance are shown graphically. 
Resistance was 3.5 to 10 in. (9 to 25.5 cm.) w. g. (water gauge) for the collectors described. 

A stack-sampling probe in the form of an impact tube with a filter in the head is described 
and illustrated. Collection with this instrument at isokinetic sampling velocity is shown to be 
significantly higher than with a probe placed perpendicular to the axis of flow and operating 


at less than isokinetic velocity. 
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Leap Hazarp IN AN ENAMEL Piant. C. R. Ross, Indust. Health Rev. (Ontario) 2:14, 1950. 


Air samples obtained by electrostatic precipitation in an enamel factory gave lead concentra- 
tions of 3.3 to 10.3 mg. per 10 cu. M., which are above the accepted safe limit of 1.5 mg. per 10 cu. 
M. The investigators did not believe that it respresented a severe hazard, because the dust 
consisted of large particles that settled easily. However, urine samples were found to contain 
more than 0.3@ mg. of lead per liter, or twice the amount considered safe. One case of lead 
poisoning developed before control measures could be instituted. Several months later, at this 


plant, the use of lead-bearing enamels was discontinued. Inpust. Hyc. Dicest. 


CONTAMINATION OF INDUSTRIAL BUILDINGS WITH MERCURY IN WoRKING WITH MERCURIC 
Cutorwe. V. A. Kurustaceva and N. G. SHALvA, Gigiena i Sanit., 1950, no. 9, pp. 22-25. 


In a plant devoted to preparation of an electrolyte mixture of ammonium chloride, zinc 
chloride, calcium chloride and mercury chloride, with flour as a binder, considerable mercury 
contamination was found in the atmosphere (up to 0.16 mg./cu. m.), as a result of reduction of 
HgCl. to Hg by the action of organic constituents of the flour. 


G. M. Kosotaporr [CHeM. Asst.]. 


Ventilating, Air Conditioning and Engineering Control 
VENTILATION OF OpEN TaNKs. ArtTHUR C. SterN, AIHA Quart. 11:167 (Sept.) 1950. 


The fundamentals of design and the employment of hoods for exhausting open tanks are 
described; the characteristics of enclosing, canopy and lateral type hoods are discussed, and 
illustrations of may designs are presented. Means for obtaining uniform air distribution across 
the face of the hoods are outlined, and a method for determining the required slot velocity is 
developed and explained. An outline of the schemes for classifying open tank operations and 
for selecting control velocities and ventilation rates as developed for the Proposed American 
Standard Code for Ventilation and Safe Operation of Open Surface Tanks is explained. 


GLenn A. Jonnson, Arlington, Mass. 


Some Aspects or Air CONDITIONING IN THE Tropics. J. J. O'Dwyer, J. Inst. Heat. & Vent. 
Engin. 18:84-105 (May) 1950. 


Air conditioning in the tropics is discussed from the standpoint of preventive medicine. 
Variations of climate are considered, and with them the flexibility in conception and equipment 
necessary to cope with them. 

Reference is made to earlier work on the effects of high temperatures on physical and mental 
efficiency. From this work it appears that efficiency is lowered when the effective temperature 
reaches a level between 80 and 85 F., and it is concluded (1) that acclimatization, while increasing 
performance, will not prevent the reduction of efficiency due to such climate, and (2) that the 
effects of such effective temperatures on performance will not vary greatly among Europeans, 


Africans and Orientals. More research is yet needed, however, on the responses of Africans 
and Orientals to air-conditioned atmospheres. 


The formidable difficulties in the way of applying air-conditioning to factories are mentioned. 
Consideration is given to the air-conditioning of offices and private houses, and an assessment 
is made of its value in the prevention of disease. The introduction of reasonable thermal comfort 
may help to cut down psychological or partly psychological casualties. It will reduce the number 
of those invalided on account of skin diseases, and should lessen the danger of insect-borne 
diseases. Finally, it will insure adequate rest. 

Consideration is given to the important matter of maintenance of air-conditioning equipment, 
and the need for technically trained men in greater numbers. 

The author describes variations in climate and their effects on troops, as seen by him during 


the war. Butt. Hye. 
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Jets anp INLETs 1n VENTILATION. P. Becuer, J. Inst. Heat. & Vent. Engin. 18:107-119 
(May) 1950. 


Nowadays it is generally accepted that a moderate degree of air movement is one of the 
requirements for a fresh and invigorating environment, even at normal temperatures, and that at 
higher temperatures more movement is desirable. Heating and ventilating engineers have 
attempted to provide such air movement in mechanically ventilated buildings. One method which 
they have used is that of propelling air into a room through small orifices, so the air enters in 
jets of high velocity. These jets set up turbulent air movement, which can do much to create 
pleasant conditions. 


In this paper, which is essentially an engineering contribution, the author considers the 
velocity and “throw” of air jets, and the entrainment of room air by jets. He gives formulas, 
based on his own experimental work, and diagrams to assist computation. From the standpoint 
of the ventilating engineer the paper is an important one, and it is of considerable hygienic 
significance. 


Tuomas Beprorp [Butt. Hyc.]}. 


RatinG, SELECTION AND Use or PANEL Type Arr FILTERS. 
48:58 (Jan.) 1951. 


Cart B. Rowe, Heat. & Vent. 


Rowe outlines the factors which should be considered in selecting panel type filters and gives 
performance and cost estimates for various replaceable and permanent type filters. The 
difference between efficiencies based on weight, discoloration and count methods is discussed. 
A table indicating selection criteria for panel filters is included. The article offers valuable 
material concerning the selection and application of panel filters for air conditioning and other 
air-cleaning uses. 


GLENN A. Jonnson, Arlington, Mass. 


Recent STUDIES ON THE ExpLosiBiLity oF Corn Starcu. Irvinc HARTMANN, AvusTIN R. 
Cooper, and Murray JAcosson, United States Department of the Interior, Bureau of Mines, 
Report of Investigations 4725, August 1950. 


A review of the literature on the explosibility of corn starch is given, and the results of recent 
experiments are reported. These are in summary: 

1. The ignition temperature decreased with an increase in dust cloud concentration. The 
effect of moisture (1.6 to 12.5 per cent) on ignition temperature was slight. Ignition temperature 
increased with an increase in particle size. Ignition temperatures varied from 390 C. up. 

2. The minimum energy required for ignition increased with moisture content and with 
particle size. The minimum explosive concentration also increased with increased moisture 
content and with particle size. 

3. Increase of particle size and of moisture content both caused a reduction in the maximum 
explosion pressure and in the rate of pressure rise. 

4. Treatment of the starch dust with a small amount of edible oil decreased the dispersibility 
of the dust, although a dispersion of the treated corn starch can produce a strong explosion. 

5. Calcium carbonate added to the corn starch reduced the dispersibility of the starch and 
the violence of the explosion. To prevent explosion by spark ignition 60 per cent CaCOs is 
needed; to prevent ignition by heated surfaces 90 per cent CaCOs is needed. 

The authors point out that where the possibility of explosion exists care should be used 
to eliminate dust formation and sources of ignition. Where routine handling of corn starch in 
quantity is necessary, explosion pressure relief vents should be provided. 


GLENN A. Jounson, Arlington, Mass. 
Report oF H. M. Curer Inspector oF MINES FOR THE YEAR 1948. Muinistry OF FUEL AND 


Power—A. M. Bryan. Pages 42, with 6 charts. His Majesty's Stationery Office, London, 
1949. 


Since 1900 considerable progress has been made in reducing the frequency of mining accidents. 
From 1900 to 1919 fatal accidents averaged 1,200 a year, from 1920 to 1929 the yearly average 
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was about 1,000, and from 1930 to 1939 it was 880. During the early years of the war there was 
an increase, but during 1948 only 468 persons were killed—the lowest recorded figure for a full 
year’s working. It is emphasized that there is no conflict between the demands of increased 
production and a higher standard of health and safety. 

The two major sources of accident are haulage and falls of ground. Sometimes the cause 
may be beyond human control, but inspectors’ reports show that most of the accidents were due 
to human failures or to defective appliances or methods. Want of care on the part of the 
individual or nonobservance of simple and well-known rules were common causes of accidents. 
Often workmen, and even officials, took unnecessary risks. 

The total of fatal and serious nonfatal accidents due to falls of ground showed a slight decline 
over the previous year. The accident rate showed a decline whether frequency was reckoned 
in terms of manshifts or of tonnage raised. At the beginning of 1948 new regulations concerning 
the support of roof and sides came into operation. These implement the recommendations made 
by the Royal Commission on Safety in Coal Mines in 1938. The regulations mark an important 
step in the direction of securing greater safety, for they require more effective and systematic 
support throughout the underground workings of coal mines. 

There were no major explosions during the year. Of the seven explosions that did occur, 
four were due to smoking. A disquieting feature revealed by these occurrences is that relative 
freedom from firedamp often results in lack of attention to ventilation. In most instances if the 
steps taken after the event to improve ventilation had been taken before it, the explosion would 
not have occurred, despite the failings of men or machine. It is distressing that after all that has 
been done to guard against explosions these should still be caused by the reckless acts of 
workmen. 

Accidents due to shot-firing increased by 57 per cent from 1938 to 1948. This is a reflection 
of the increased number of shots fired per unit cf output. The vast majority of the casualties 
were due to persons not taking proper shelter when shots were fired. Again, unreasonable risks 
were taken by experienced men. 

There was a slight increase in the total acidents due to haulage as compared with the previous 
year. Contact with conveyors was the cause of 406 serious accidents. In 123 of these cases 
the conveyor fencing had been removed, and in 146 the fencing was insecure or defective. 
In only 59 instances was the fencing apparently satisfactory. 

Statistical data concerning industrial diseases are not given. During the year under review 
the National Insurance (Industrial Injuries) Act came into operation, and because of that figures 
for 1948 cannot be given on a basis comparable with those of previous years. 

For the treatment of injured miners first-aid equipment should be effectively distributed so 
that it is near at hand when an accident occurs. Widespread use is now being made of tubular 
first-aid containers, and these are being lodged in well-distributed first-aid stations underground. 

The elimination of the health hazard from air-borne dust is regarded as the most vital 
problem awaiting solution in the coal-mining industry today. Dust suppression measures have 
been developed which, if properly applied, could insure that in many mines there would be little 
likelihood of men contracting pneumonoconiosis while coal-getting. There are, however, many 
mines where attention must be given to methods of mining, so as to reduce dust formation. 

Figures relating to miners’ nystagmus fluctuate widely, and the apparent incidence rate is 
subject to influences unrelated to the real rate of occurrence of the disease. Hence it is difficult 
to estimate the effects of improvements in lighting or the real incidence of nystagmus. 

During the year, 181 additional mines were brought into the scheme under which morphine 
may be administered by specially selected and trained first-aid men. A total of 660 mines 
employing well over half a million men now come within the scheme. Mostly the morphine 
is stored only at the surface. Fear on the part of management that the morphine might be 
interfered with if stored underground probably explains the slowness in making arrangements 
for storing it at suitable underground positions. Yet where morphine has been kept underground 


there has been no single instance of interference with it. Tuomas Beprorp (Butt. Hyc.] 
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Accidents and Their Prevention; Protective Equipment 


MemorANDUM oN Exectrric Arc WeELpinc Form 329 (fourth edition 1945, revised 1950). 
Ministry of Labour and National Service, Factory Department. Pp. 15, with 2 diagrams. 
His Majesty’s Stationery Office, London, 1950. 


During electric welding the electrode and parts of the holder are live and hot, so that contact 
with these may produce electric shock or burns. The are gives off infrared radiation, visible 
light of high intensity, ultraviolet radiation, heat, and fumes from metals and fluxes. Methods 
of avoiding adverse effects from these are indicated in the memorandum. The first half of the 
memorandum deals with protection against electrical risks. 


The radiations from the arc may produce in the skin a condition similar to sunburn, and 
the worker’s skin should be completely screened from the radiations. Looking at the are for 
only a few seconds can cause a painful condition known as “eye-flash” which does not appear 
immediately—in the three years, 1944 to 1946, 611 cases of eye-flash were reported which caused 
absence from work of more than three days. In cases of eye-flash relief may be had by protec- 
ting the eyes from light and covering them with a cloth frequently wrung out in cold water. 
Eye drops at the beginning of treatment may reduce discemfort. Eye-protective filters are dealt 
with in British Standard Specification no. 679: 1947. 


The eyes must be protected from fragments thrown off when slag is being chipped away, 
and from sparks thrown off during welding. 


The ventilation must be adequate to remove the fumes given off during welding. Some of 
these fumes may be definitely injurious, and then special measures must be taken. Fumes are a 
special problem when welding is performed in a small confined space, as in some situations 
in ships. Generally, mechanical ventilation shoald be continued so that a current of fresh air 
is drawn across from the worker towards the work. 


Iron oxide particles, which comprise most of the fumes from welding iron and steel, are 
opaque to x-rays, and radiographs of the chests of some workers show changes in the appearance 
of the lungs. These are not to be interpreted as an indication of disease. 

Welding of galvanized metals may cause zinc fumes, the inhalation of which may cause acute 
but transitory chills. 


In an unventilated enclosed space nitrous fumes formed by arcing may be a serious danger, 
and when metals, electrodes or fluxes containing lead, manganese, cadmium or other toxic metals 
are used, strict precautions should be taken. 

The worker should be protected against hot metals. 

Inflammable materials may be ignited by the welding arc, or by hot metal or sparks, and 
stringent precautions against fire or explosion are needed. Serious fires have occurred in ships 
undergoing repair through the careless use of welding apparatus. 

Details are given of desirable protective shields, screens and clothing. 


Tuomas Beprorp [Butt. Hye.]. 


Radioactive Substances and X-Ray 


THE PROTECTION OF PERSONNEL ENGAGED IN ROENTGENOLOGY AND RADIOLOGY: FINAL REPoRT. 
F. T. Hunter and L. L. Rosprns, New England J. Med. 244:9 (Jan. 4) 1951. 


Hunter and Robbins report the results of their study of film badge-monitoring of workers 
engaged in roentgenologic and radiologic work. The authors show that the wearing of film 
badges by this group has led to increased caution and consequently lowered radiation exposure. 
Average weekly exposures over a 20 month period, ranged from less than 1 milliroentgen (mr.) 
to 31 mr. or no greater than one tenth of the permissible exposure. From the data presented 
there was no evidence that radiation affected the leukocyte count. A suggestion is made that the 
responsibility for radiation monitoring be primarily in the hands of the official public health 
agencies. 


Wurrep D. Davin, Washington, D. C. 
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News and Comment 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter 


The second Michigan Industrial Health Day was held on April 4, 1951, in Detroit. The 
attendance of about 160 was composed almost entirely of industrial physicians and nurses. 
Sponsorship of the meeting was jointly shared by the Michigan Association of Industrial Physi- 
cians and Surgeons, Wayne University College of Medicine, the Industrial Health Committee 
of the Michigan State Medical Society, the University of Michigan Medical School, the Uni- 
versity of Michigan School of Public Health, the Michigan State Association of Industrial 
Nurses, the Michigan Industrial Hygiene Society and the Department of Industrial Health of 
the State of Michigan. Dr. Carey P. McCord directed the arrangement of an excellent program. 


The papers presented during the morning session were stimulating and informative. Harry 
E. Mock Jr., M.D., of Chicago, in discussing “New Developments in Industrial Surgery,” stated 
that the traumatic surgeon should be equipped to handle most problems, call consultants as 
necessary, but be responsible for the total management of the patient. He emphasized the pro- 
gress that has been made since prevention has supplanted treatment to a great extent. “Develop- 
ments in Industrial Nursing,” presented by Miss Helen DeCoursey, R.N., chief nurse, Kelsey 
Hayes Wheel Company, Detroit, reviewed the history of nursing and industrial nursing. She 
stressed the need for better teamwork and cooperation from physicians. A major health problem, 
“The Rising Toll of Obesity in Industry,” presented by Alfred W. Pennington, M.D., Medical 
Staff, DuPont Company, Wilmington, Del., propounded the theory that a diet of protein and 
fat could be made to reduce weight even though the actual calory content was high. Oscar 
A. Sander, M.D., of Milwaukee, a member of the Council on Industrial Health of the American 
Medical Association, reviewed the latest thought on beryllium poisoning and presented five 
interesting case histories, including chest roentgenograms, from the neon sign industry. Owing 
to illness, Robert C. Page, M.D., general medical director, Standard Oil Company of New 
Jersey, was unable to attend; so Dr. Delavan Holman of his staff read his paper on “International 
Industrial Medicine.” Dr. Page’s world-wide travels in visiting his staff have afforded him 
the rare opportunity to become familiar with the international aspects of industrial medicine. 

Dr. Max R. Burnell, medical director of General Motors Corporation and chairman of the 
Committee on Industrial Health of the Michigan State Medical Society, arranged a luncheon 
meeting for the Committee, which is composed of the chairmen of the committees on industrial 
health of the component county medical societies. After the regular business was transacted, 
I was invited to give the Committee a report of the joint meeting of the Council on Industrial 
Health and the chairmen of the state committees on industrial health which was held in Atlanta, 
Ga., in February 1951, preceding the Eleventh Annual Congress on Industrial Health. Dr. C. D. 
Selby, adviser to the State Committee, cited the gift of 114 million dollars from General Motors 
to the University of Michigan for the development of an institute of industrial health as another 
significant milestone in the development of graduate-training opportunities in industrial health, 
hygiene, and safety. 

The afternoon program was devoted to the “Medical Aspects of Atomic Warfare.” After 
the showing of two excellent sound films entitled “Pattern for Survival,” James H. Sterner, 
M.D., medical director, Eastman Kodak Company, and George A. Hardie, M.D., Medical 
Branch, United States Atomic Energy Commission, described the prophylactic and therapeutic 
treatment of atomic bomb injuries. They outlined for industrial medical departments the ideal 
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preparations and activities necessary for adequately meeting the civilian defense requirements. 
Mr. Homer S. Meyers, Radioactive Products, Inc., Detroit, presented a demonstration of various 
types of instruments and devices that are available for radioactivity monitoring. 

Dr. Clarence Umphrey, of Detroit, president of the Michigan State Medical Society, was 
toastmaster at the Annual Banquet. After the dinner, the Michigan Association of Industrial 
Physicians and Surgeons presented suitably engraved silver medallions to 33 of its members who 
had completed 25 years or more in the practice of industrial medicine. Among the recipients 
were three former presidents of the Association and two former presidents of the State Medical 
Society. Dr. Lillian Gilbreth, consulting industrial engineer, Montclair, N. J., gave a stimulating 
address on “The Industrial Worker’s Better World.” 

The second “Michigan Industrial Health Day’ demonstrated that this type of meeting affords 
the industrial physician and nurse a pleasant and profitable opportunity to fraternize in edu- 
cational experiences. All signs point to this becoming an annual event in Michigan. 


J. F. McCanan, M.D. 
Assistant Secretary, Council on Industrial Health. 
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Book Review 


Human Relations in Modern Industry. By R. F. Tredgold, M.D. Pages 192. Price $2.50. 
International Universities Press, Inc., New York 11, 1950. 


The book outlines in nontechnical language the modern psychologists’ contributions to those 
problems of leadership incentives, management, absenteeism, hours of work and leisure, boredom, 
mechanization, and related topics which are of daily concern in modern industry. The chapters 
are based on lectures which the author gave while conducting courses on the role of psychology 
in modern industry at Roffey Park Rehabilitation Center in London. The book is devoted to 
“all those persons of sound mind who are interested in the welfare of their fellow workers.” 


MarTIN GrotysAHN, M.D., Los Angeles. 


Safety in the Chemical Laboratory. By Dr. H. A. J. Pieters and Dr. J. W. Creyghton. 
Pages 258, with 58 tables and 50 illustrations. Price $3.50. Academic Press Inc., 125 E. 
23d St., New York 10, 1951. 


This text first appeared as a booklet (in Dutch) by the senior author, published by the State 
Bureau of Mines, Limburg, Holland, in 1930, and was rewritten and revised in 1942 and again 
in 1947 as a text. The latter was well reviewed (J. Indust. Hyg. & To-icol. 30:261 [July] 
1948), with the recommendation that it be translated into English. 


In the present English version the Dutch text has been completely rewritten and brought 
up to date with the collaboration of Dr. Creyghton, who also cooperated in the other revisions. 
This joint effort of a chemist and a physician has produced a very useful treatise covering prac- 
tically all the varied and often obscure hazards associated with work in chemical laboratories. 
It is intended mainly for the laboratory worker. 


It includes excellent discussions on safe practices with glassware, electricity, fuel gas, 
explosives, inflammable materials, compressed gases, and corrosive and toxic chemicals. Well- 
detailed discussions are presented on the commoner or more serious hazardous materials, for 
example, ether peroxide, mercury, carbon monoxide, and volatile organic compounds. Safe 
practices with radioactive materials are passed over with the recommendation that a trained 
health physicist be on the staff of laboratories using these substances. 


A chapter devoted to physiology and respiration, which includes a discourse on chemicals as. 
potential poisons and their mode of entry, is a valuable inclusion of the text. A detailed consider- 
ation of toxicity and chemical composition in this chapter will interest the student chemist, for 
whom the text is partially intended. However, the limitations of the time-concentration relation- 
ship for fatal doses discussed in this section is not evident to the casual reader and may cause one 
to place too much trust in such a relationship. 


The longest chapter contains analytical procedures for toxic and hazardous substances in air, 
liquids, and biological materials. The methods for air analyses wherever possible are of the 
rapid-field-procedure type such as the British Leaflets (DSIR). In many cases a single pro- 
cedure is presented for each contaminant, undoubtedly the most suitable in the authors’ opinions. 
However, numerous methods for some substances, for example, carbon monoxide and dusts, 
are presented in detail. There are some omissions, such as analyses for lead, cadmium, beryllium 
and radioactive materials in air and carbon disulfide in blood. The analyses for chlorinated 
hydrocarbons at best are only semiquantitative. 


Protective devices including goggles, respirators, gas masks, and ventilation control are 
presented. First aid and fire extinguishing are also discussed. 

The subject material covered by the text is extensive, and in order to keep its size down to 
a volume which is easy to read and to refer to, each chapter is supplemented by numerous and 
excellent references. The 31 tables appearing at the end form an excellent reference section. 


All workers in chemical laboratories should read this text in its entirety and have a copy readily 
accessible for reference. F. J. Vines Jr 
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ANTIBIOTIC DIVISION 


Terramycin appears to be a drug of choice 

in “angular conjunctivitis, micrococcal 
blepharitis, marginal blepharitis, pneumococcal 
conjunctivitis, chronic dacryocystitis, serpent 
ulcer of the cornea, infection by Neisseria 
catarrhalis and acute purulent inflammation.” 


Mitsui, Y., et al.: Antibiotics and 
Chemotherapy (In Press). 


“Trachoma and inclusion blennorrhea respond 
well to treatment with terramycin.” 


Mitsui, Y., and Tanaka, C.: Antibiotics 
and Chemotherapy 1:146 (May) 1951. 


available: Crystalline Terramycin Hydrochloride Ophthalmic 
Ointment, 1 mg. per Gm. ointment, 44 oz. tube; 


Crystalline Terramycin Hydrochloride Ophthalmic 
Solution, 25 mg. in 5 ce. dropper-vials, 


CHAS. PFIZER ®# CO., INC. Brooklyn 6, N.Y. 
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Doctor —nere is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 
ASSOCIATION— 


CASIL PROTECTIVE SKIN CREME 


It is quick and easy to apply. The Protective film guards the skin and 
it washes off in water. No dirt—pigments—or paints can touch the 
skin when CASIL PROTECTIVE SKIN CREME is applied properly. 
Less than .5 of 1% free alkali. 


| Thirty days or monthly buying suggested. Price $8.50 per case of 
4—5 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 
(exchange is University). 


THE DERMO COMPANY 


BOOKLETS ON 
MENTAL HYGIENE 


Here are several booklets on mental 
hygiene that may prove of interest and 
use to you and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY. T. 
R. Retlaw. 8 pages. 15 cents. 


MEETING EMOTIONAL DEPRESSION. Franz Alex- 
ander. 16 pages. 15 cents. 

REPORT OF A.M.A. COMMITTEE ON MENTAL 
HEALTH. 48 pages. 15 cents. 

MESMERISM MINUS MESMER. Stefan A 
discussion of hypnotism. 5 pages. 5 
NERVOUSNESS. Isidore Margaretten. 4 pages. 5 
cents. 

THE TYRANNY OF NERVES. Eoline Church Dubois. 
3 pages. 5 cents. 

SHOCK THERAPY SAVES MINDS. Harold Shryock. 

5 pages. 5 cents. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Iilinois 


LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 
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YOU, Doctor, are the best judge, so 


BELIEVE 
YOURSELF! 


With so many claims made in cigarette advertising, 
most doctors prefer to judge for themselves. 
So, Doctor, won’t you make this simple test? 


Take a Morris— 
and any other cigarette. Then, 


Light up either one. Take a puff —don’t 
inhale—and s-l-o-w-l-y let the smoke 
come through your nose. 


Now do exactly the same thing with the 
a other cigarette. 


Then, Doctor...BELIEVE IN YOURSELF! 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Ine. 
100 Park Avenue, New York 17, N. Y. 
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The Pax trademark symbol- 
izes a deep-rooted tradition 
of superlative quality main- 
tained through a quarter cen- 
tury of continuous research 
and development. 


1926 - 1951 


G. H. PACKWOOD MANUFACTURING CO. 
1545-55 TOWER GROVE AVE. « ST. Louis 10, Mo. 


Manufacturing Chemists To Industry 
Granulated Skin Cleansers, Skin Cleansing Creams, 
Degreasers and Detergent Compounds 


*Trademark of G. H. Packwood Mfg. Co. 
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Vaseline Sterile Petrolatum Gauze 
dressing for 


burns abrasions athletic injuries 
circumcisions + carbuncles + leg ulcers 
plastic surgery * many other traumatic 
or surgical wounds 


pack 


abdominal incisions + hemorrhoidectomy 
compound fractures + osteomyelitis 
arthrotomy * sucking chest wounds 
pilonidal cysts + many other indications 
for non-adherent packing 


( f | 

appendectomy * tenosynovitis 

forearm incision + closed chest drainage 

intra-abdominal abscess - cholecystectomy 


auxiliary to closed-tube drainage 
many other incisions and discharging wounds 


TWO SIZES: each six envelopes to the carton 
UNIT ENVELOPE — one 3x36” dressing 
DUPLEX ENVELOPE—two 3”x18” dressings 
Available through your regular source of supply 


CHESEBROUGH MFG. CO., CONS’D 
Professional Products Division 
NEW YORK 4, N.Y. 


i 
OY 
Impregnated with Vaseline White Fervoleum jelly USP 
_ SEE INSTRUCTIONS ON REVERSE SIDE 


— Under Cover Enemy 


The Industrial Evil that Slows Your Production 
— Steals Your Profits 


GRANTED: Everyone wants to keep 
America’s production facilities mov- 
ing at top speed to help preserve our 
democratic way of life. 


GRANTED: Efficiency in plant opera- 
tion means less waste and more profit 
for all concerned. 


THEN WHY TAKE IT FOR 
GRANTED that a certain portion 
of man-hours must be sacrificed to 
the dispensary or the sick bed because 
of exposure to industrial hazards—and 
the absenteeism that follows? 


MILBURN PLY CREAMS can help 
remove “Exposuritis” from your pay- 
roll. One application of this gentle 


“mechano-chemical” barrier protects 
the worker from the most commonly 
used acids and solvents—gives him a 
comfortable, safe feeling—may actu- 
ally increase his productivity. And this 
“ounce of prevention” costs much less 
than the “pound of cure.” There is a 
MILBURN PLY CREAM developed 
to combat practically every known 
industrial hazard. 


Inquire today into the MILBURN 
METHOD for Plant Safety! A Free 
Survey of your industrial operation 
that will show how you can better your 
working conditions, and increase your 
profits. 


ILBURN 


Company 
Detroit 7, Michigan 


Also makers of PLY-GARB and PLYGLOVS to guard against Industrial Hazards 


Beware of 4 
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There is 

MILBURN 
Jobber 

in your 


